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; Description 

.-' Growth hormone is a secretory protein of the pituitary gland ot animals having wide ranging developmental effects 
on the organism. Artificial manipulation of growth hormone levels has been demonstrated to have significant therapeutic 

s utility. Human growth hormone supplementation has been shown to be an effective treatment for growth hormone 
deficiencies and their related disease states in humans. Apart from this application, studies have uncovered new and 
significant properties of growth hormone which lend further importance to the ability to control growth hormone levels. 
For example, recent clinical studies indicate that growth hormone supplementation may be useful in combating the 
maladies of aging in humans. Elevated growth hormone levels in animals have been shown to result in increased lean 

10 muscle mass. One application of this latter observation could result in higher production of leaner meat products or in 
the production of larger and/or stronger animals. 

While growth hormone is naturally produced by the pituitary gland, the secretion of growth hormone into the blood- 
stream Is controlled by a second protein, Growth Hormone Releasing Factor (GRF). This hormone is also commonly 
known in the art as somatocrinin. Growth Hormone Releasing Hormone (GHRH), and Growth Releasing Hormone 

J5 (GRH). 

There are two ways to approach the problem of increasing circulating levels of growth hormone: (1) increase the 
level of human growth hormone in the organism directly or (2) increase the organism's natural tendency to produce 
growth hormone. The latter strategy may be achieved via supplementation with GRF. GRF has been demonstrated to 
increase the circulatory levels of growth hormone in vivo. Rivier. et aL Nature (London ) , 300:276 (1982). The effect of 

20 GRF (and various structural analogs thereof) on growth hormone production has been widely studied. A primary ob- 
stacle to the use of GRF as a direct supplement is its short lifespan jn vivo. LA. Frohman, etal.. Journal of Clinical 
Investigation , 78:906 (1986). More potent anoYor longer lasting GRF molecules are therefore desirable for the devel- 
opment of effective human therapeutic or animal husbandry agent6. 

The structure of GRF has been modified in numerous ways resulting in longer lasting and/or more potent GRF 

& analogs. It has been demonstrated that the first 29 amino acids from the N4erminus are sufficient to retain full GRF 
activity. Speiss, et al., Biochemistry . 21:6037 (1982). One strategy has been the incorporation of novel D-amlno acid 
residues in various regions of the GRF molecule. VA Lance, eta].. Biochemical and Biophysical Research Commu- 
nications , 119:265 (1984); D.K Coy, eta}., Peptides , B(suppL 1):49 (1986). Another strategy has modified the peptide 
backbone of GRF by the incorporation of peptide bond isosteres in the N-terminal region. D. Tourwe, Janssen. Chim. 

so Acta . 3:3 (1 985); S.J. Hocart, et al . Journal of Medicinal Chemistry , 33: 1 964-58 (1 990). A series of very active analogs 
of GHRH is described in European Patent Publication 511 ,003, published October 28, 1992. 

In addition to the actions of GHRH there are various ways known to release growth hormone. For example, chem- 
icals such as arginine, L-3,4-dihydraxyphenylalanine (L-DOPA). glucagon, vasopressin, and Insulin-induced hypogly- 
cemia, as well 8s activities such as sleep and exercise, indirectly cause growth hormone to be released from the 

3$ pituitary by acting in some fashion on the hypothalamus, perhaps either to decrease somatostatin secretion or to 
increase the secretion of GHRH. 

In cases where increased levels of growth hormone are desired, the problem has generally been solved by pro- 
viding exogenous growth hormone or by administering GHRH, or a related peptidyl compounds which stimulates growth 
hormone production or release. In either. instance the peptidyl nature of the compound has necessitated that it be 

40 administered by injection. 

Other compounds have been developed which stimulate the release of endogenous growth hormone, such as 
analogous peptidyl compounds related to GHRH. These peptides, while considerably smaller than growth hormones 
are still susceptible to metabolic instability. 

Administration of the hexapeptide growth hormone releasing peptide-6 (GHRP-6) results in the secretion ot growth 

45 hormone in many species, including humans. This peptide has the following sequence. 

His-D-Trp-Ala-Trp-D-Phe-Lys-NH2 

so This peptide is one of a series of synthetic peptides, the structures of which were based on the pentapeptide Met- 
enkephalin It has been shown that GHRP binds specifically to the pituitary, although the binding does not involve the 
opioid, GHRH, or the somatostatin receptors. 

In recent years significant efforts have been taken to develop nonpeptidyl analogs of this series of compounds. 
Such compounds, termed growth hormone secretagogues, should be orally bbavailable, Induce the production or 
ss release of growth hormone, and act synergistically with GHRH. 

Representative growth hormone secretagogues are disclosed in United States Patent 3,239,345; United States 
Patent 4.036,979; United States Patent 4,411.890; United States Patent 5,206,235; United States Patent 5.248,841; 
United States Patent 5,310,737; United States Patent 5,310,017; European Patent Publication 144.230; European 
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Patent Publication 513,974; Patent Cooperation Treaty Patent Publication WO 94/07486; Patent Cooperation Treaty 
Patent Publication WO 94/08583; Patent Cooperation Treaty Patent Publication WO 94/13696; and Science . 260: 
1640-1643 (1993), the entire of all of which are herein incorporated by reference. 

United States Patent 5,206,235, issued April 27. 1993, describes a series of benzolactam compounds typified by 
$ the following structure. 
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& These compounds have demonstrated clinical activity in humans in raising the growth hormone secretory levels. BJ. 
Gertz. Journal of Clinical Endocrinology and Metabolism . 77:1393-1397 (1993). 

A second generation of growth hormone secretagogues is described in Patent Cooperation Treaty Patent Publi- 
cation WO 94/13696, published June 23, 1994. "Riese compounds are typified by the lolbwing two structures. 
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The present invention provides a series of compounds that have activity as growth.hormone secretagogues. These 
compounds are orally active and non-peptidyl in nature and are. therefore, more metabolically stable than growth 
hormone growth hormone releasing hormone, or analogs of either of these proteins. The compounds employed in the 
present invention are preferred for human pharmaceutical uses as well as veterinary uses, particularly in cattle, swine. 

sheep, poultry and fish. .... ^ u - u i 

This invention encompasses methods for the treatment or prevention of a physiological condition which may be 
modulated by an increase in growth hormone, which method comprises administering to an animal in need of said 
treatment an effective amount of a compound of Formula I 

R 4 

R I 

R-(CH 2 ) r — C-CH : -.N— {CH) C -R 3 

NH R * 
I 

(CO) p 

lCH 2 ) n 
R 1 

I 



wherein 

26 

misO, 1,2. or 3; . 
nisOor 1; 
o is 0,1. or 2; 
pisOorV, 

30 R Is phenyl, 2- or 3-indofyl, 2- or 3-indolinyl, benzothienyl. benzofuranyl, or naphthyl; 

which groups may be substituted with one or two halo. C,-C 3 alkoxy. trifluoromethyl, C,-C 4 alkyl phenyl-C,- 
C^ltaxy, or C,-C 4 alkanoyl groups; 

R 1 is trttyl. phenyl, diphenylmethyl. phenoxy. phenylthio, piperazinyl, piperidinyl, pyrrolldmyl, morpholinyl, indobnyl, 
indolyl benzothienyl. hexamethyleneiminyl, benzofuranyl. tetrahydropyridinyl, quinolinyl, isoquinonnyl, reduced 
as quinolinyl. reduced isoquinolinyl. phenyl-(C,-C 4 alkyl)-, phenyl-(C r C 4 alkoxy)-. quinolinyHC,-C 4 alkyl)-. isoquin- 

olinyl-(C,-C4 alkyl)-. reduced quinolinyl-(C,.0 4 alkyl)-, reduced isoquinolinyt-(C,-C 4 a^yl)-, benzoyl-(C,-C 3 alkyl)-, 
C,-C 4 alkyl, or -NH-Chfe-R 6 ; 

any one of which R 1 groups may be substituted with halo. C,-C 4 alkyl, C,-C 4 alkoxy, trifluoromethyl. amino, 
40 C,-C 4 alkylamino. di(C,-C 4 alkyl)amino, or C 2 -C 4 alkanoylamino; 

or any one of which R 1 groups may be substituted with phenyl, piperazinyl,. C 3 -C 6 cyctoalkyl. benzyl, C,-C 4 
alkyl, piperidinyl. pyridinyl. pyrimidinyl, C 2 -C 6 alkanoylamino. pyrrolidinyl. Cg-Ce alkanoyl, or C,-C 4 alkoxycar- 
bonyl; 

any one of which groups may be substituted with halo, O,-0 4 alkyl, 0,-04 alkoxy. trifluoromethyl. amino. 
45 C r C 4 alkylamino, di(C,-C 4 alkyl)amino, or C 2 -C 4 alkanoylamino; 

or R 1 is amino, a leaving group, hydrogen, 0,-04 alkylamino, or di(C,-C 4 alkyl)amino; 
R5 is pyridyl. anilino-(C,-C 3 'alkylh or anilinocarbonyl; 

R2 is hydrogen, C,-C 4 alkyl. 0,-04 alkylsulfonyl, carboxy-^-Ca alkyl)-, C,-C 3 aIkGxycarbonyl-(C,-C3 alkyl)-, or 
so -CO-R 6 ; 

R* is hydrogen. 0,-04 dkyl C,-C 3 halpalkyl, phenyl. C,-C 3 alkoxy, C,-C 3 hydroxyalkyl, amino, 0,-04 alkylamino, 
di(C,-C 4 alkyl)amino, or -(CH2) q -R 7 ; 
q is 0 to 3; 

R7 is carboxy, C,-0 4 alkoxycarbonyl, C,-C 4 alkylcarbonytoxy, amino, C,-C 4 alkylamino, di(C r C 4 alkyl)amino, C r 
55 C 6 alkoxycarbonylamlno, or 

phenoxy, phenylthio, piperazlnyl, piperidinyl, pyrrolidinyl, morpholinyl, indolinyl, indolyl, benzothienyl, benzofura- 
nyl quinolinyl, isoquinolinyl, reduced quinolinyl, reduced isoquinolinyl, phenyHC,-C 4 alkyl)-, quinolinyHC,^ 
alkyl)-, isoquinolinyl-(C r C 4 alkyl)-, reduced quinolinyHC,-C 4 alkyl)-, reduced isoquinolinyMC,^ alkyl)-, benzoyl- 
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* C r C 3 alkyl; 

any one ot which R 7 groups may be substituted with halo, trifluoromethyl, C,-C 4 atkoxy. OyC A alkyl, amino. 
C^C^ alkylamino, C\{0^-C A alkyl)amino, or C 2 -C 4 alkanoylamino; 
5 or any one of which R 7 groups may be substituted with phenyl, pipera2inyl, Cj-Cg cycloalkyl, benzyl, piperidinyl, 

pyridinyl, pyrimidinyl, pyrrolidinyl, C 2 -C 6 alkanoyl, or CyC A alkoxycarbonyl: 

any of which groups may be substituted with halo, trifluoromethyl amino. C r C 4 alkoxy, C r C 4 alkyl, C r 
C 4 alkylamino, difC, -C 4 alkyljamino, or C 2 -C 4 alkaridylamino; 

io R 8 is hydrogen or C t -C 6 alkyl; 

R 3 is phenyl, phenyl-(C r C 6 alkyl)-, C 3 -C 8 cycloalkyl, C 5 -C 8 cycloalkenyl, C t -C B alkyl. naphthyl, C 2 -C B alkenyl, or 
hydrogen; 

any one of which groups except hydrogen may be substituted with one or two halo, Cj-C 3 alkoxy, <VC 3 
alkyhhio, nitro, trifluoromethyl, or C r C 3 alkyl groups; and 
is R 4 is hydrogen or C, -C 3 alkyl; 

with the proviso that if R 1 is hydrogen or halo, R 3 is phenyl, phenyl-(C r C s alkyl)-. C 3 -C e cycloalkyl, C s -C 8 cy- 
cloalkenyl, or naphthyl; 

with the proviso that if R 1 is hydrogen or halo, R 3 is phenyl, phenyl-(C 1 -C 6 alkyl)-, C 3 -C 8 cycloalkyl, C 5 -C 8 cy- 
cloalkenyl, or naphthyl; or a pharmaceutical^ acceptable salt thereof. 

20 

In another embodiment, this invention encompasses the novel compounds of Formula I and the pharmaceutical^ 
acceptable salts, solvates, and prodrugs thereof, as well as pharmaceutical formulations comprising, as an active 
ingredient, a compound of Formula I in combination with a pharmaceutical acceptable carrier, diluent or excipient 
This invention also encompasses novel processes for the synthesis of the compounds of Formula I. 
2B All temperatures stated herein are hi degrees Celsius f C). Ail units of measurement employed hereon are in weight 
units except for liquids which are in volume units. 

As used herein, the term "C,-C 6 alkyl" refers to straight or branched, monovalent, saturated aliphatic chains of 1 
to 6 carbon atoms and includes, but is not limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl, 
isopentyl, and hexyl. The term alkyl* includes within Its definition the term "C,^ alkyP. 
30 *Divalent(C r C 4 )alkyr represents a straight or branched divalent saturated aliphatic chain having from one to four 

carbon atoms. Typical divalent(C 1 -C 4 )alkyl groups include methylene, ethylene, propylene, 2-methytpropylene. buty- 
leneandthe like. 

•Halo' represents chloro, fluoro, bromo or iodo. 

"Halo(C 1 -C 4 )alkyr represents a straight or branched alkyl chain having from one to four carbon atoms with 1, 2 
3S or 3 halogen atoms attached to It. Typical halofC^ -C 4 )a!kyl groups include chloromethyL 2-bromoethyl, 1 -chloro isopro- 
pyl, 3-fluoropropyl, 2,3-dibromobutyl, 3-chloroisobutyl, iodo-f-butyi, trifluoromethyl and the like. 

■HydroxyfC^-C^alkyr represents a straight or branched alkyl chain having from one to four carbon atoms with 
hydroxy group attached to it. Typical hydroxy (C 1 -C 4 )alkyl groups include hydroxymethyL 2-hydroxyethyt, 1 -hydroxy iso- 
propyl, 2-hydroxypropyl, 2-hydroxybutyl. 3-hydroxyisobutyl, hydroxy- f-buty I and the like. 

'C r C € alkylthio" represents a straight or branched alkyl chain having from one to soc carbon atoms attached to a 
sulfur atom. Typical C r C 6 alkylthio groups include methylthio, ethylthio, propylthio, isopropytlhio, butyfthio and the like. 
The term "C,-C 6 alkylthio' includes within its definition the term "C r C 4 alkylthio'. 

The term "C 2 -C 8 alkenyl* as used herein represents a straight or branched, monovalent, unsaturated aliphatic 
chain having from two to eight carbon atoms. Typical <VC 6 alkenyl groups include ethenyl (also known as vinyl), 
45 1-methylethenyl, 1-methyM-propenyl, 1-butenyl, 1-hexenyl, 2-methyl-2-propenyl, 1-propenyl, 2-propenyl. 2-butenyl, - 
2-pentenyl, and the like. 

'C 5 -C 8 cycloalkenyt" represents a hydrocarbon ring structure containing from five to eight carbon atoms and having 
at least one double bond within that ring, which is unsubstituted or substituted with 1 , 2 or 3 substituents independently 
selected from halo, hak>(C Y -C 4 )a!kyl. C,«C 4 alkyl, C % -C A alkoxy, carboxy, C 1 -C 4 alkoxycarbonyl, carbamoyl. N-(C|-C 4 ) 
so alkytcarbamoyl, amino, CyC A alkylamino, dHCj-C^alkylamino or -(CH 2 ) B -R C where a is 1 , 2, 3 or 4 and R° is hydroxy, 
C 1 -C 4 alkoxy, carboxy, C^-C 4 alkoxycarbonyl, amino, carbamoyl, C r C 4 alkylamino or o^(CX,-C 4 )alkylamino. 

"C 1 -C 4 alkylamino" represents a straight or branched alkylamino chain having from one to four carbon atoms 
attached to an amino group. Typical CyC A alkyl-amino groups include methylamino, ethylamino, propylamine isopro- 
pylamino, butylamino, seobutylamino and the like. 
55 "Di(C r C 4 alkyOamino" represents a straight or branched dialkylamino chain having two alkyl chains, each having 
independently from one to four carbon atoms attached to a common amino group. Typical dKC^C^alkylamino groups 
include dimethylamino, ethylmelhytamino, methylisopropylamino. f-butylisopropytanfino, df-f-butylamino and the (ike. 

•Arylsutfonyl" represents an aryl moiety attached to a sulfonyl group. "Aryl'as used in this term represents a phenyl, 
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naphthyl. heterocycle, or unsaturated heterocycle moiety which is bptionally substituted with 1. 2 or 3 subsWuente 
independently selected .rem halo. halo(C r C 4 )alky.. C.-Q. rtqU. *»* 3 or 

bamoyl. N-(C r C 4 )alk y lcarbamoyl. amino. C r C 4 alkylamino. di(C 1 -C 4 )alkyi a m l no or .(CH 2 ) a -R> where a « 1. 2. 3<x 
is hydroxy, C,-C 4 a.koxy. carboxy. t,-C 4 alkoxycarbonyl. amino, carbamoyl. C r C 4 alkylammo or dt(C,-C 4 ) 

* a,kV Te'lerm -heterocycle" represents an unsubstituted or substhuted stable 5- to 7-membered monocyclic or 7- to 
10-membered bicyclic heterocyclic ring which is saturated and which consists ot carbon atoms and from one to three 
heteroatoms selected from the group consisting ol nitrogen, oxygen or sulfur and wherein the "ttrogen anc suHur 
heteroatoms may optionally be oxidized, and the nitrogen heteroatom may optional* be *T^££S?il 

io bicyclic group in which any of the above^efined heterocyclic rings is fused to a benzene nog. The heterocychc mg 
may be attached at any heteroatom or carbon atom which affords a stable structure. The he.ero-cyc h . » unsubstrtuted 
or substituted with 1.2 or 3 substituents independently selected from halo. halo(C r C 4 )-alkyl, W*"* 
carboxy. C,-C 4 alkoxycarbonyl. carbamoyl. N-lC^-alkylcarbamoyl. amino. C,-C 4 alkylam.no. d.(C,-C 4 >alkylam.no 
or -(CH2) a -R d where a is 1 . 2. 3 or 4; and R» is hydroxy. C,-C 4 alkoxy, carboxy. C r C 4 alkoxycarbonyl. ammo, carbamoyl. 

The term 'unsaturated heterocycle* represents an unsubstituted or substituted stable 5- to7-membered mcxiocychc 
or 7- to 10-membered bicyclic heterocyclic ring which has one or more double bonds and which cons.sts ol carbon 
atoms andfrom one to three heteroatoms selecledfiom the group consisting of nitrogen, oxygen or sulfur, and wherem 
the nitrogen and eu.lur heteroatoms may optionally be oxidized, and the nitrogen hete ™ Xm ^W^**Z* 
20 temizedlrdinclud^^ 

The unsaturated heterocyc.ic ring may be attached at any heteroatom or carbon ^om whwh afforete a stable ^~fU^ 
The unsaturated heterocycle is unsubstituted or substituted with 1. 2 or 3 substrtuents mdependently selected from 

ammo C^, a^mino. djc, Vlkyiamino or -(CH 2 ) B -Re where a is 1 . 2. 3 or 4; and R- is hydroxy. C^ 4 alkoxy. 
» carboxy. C,-C 4 alkoxycarbonyl. amino, carbamoyl, C,-C 4 alkylamino orditC^Jallylamino. 

Examples of such heterocycles and unsaturated heterocycles include pipendmyl, piperazmyl. azepmyl. pyrroV . 
4-piperidonyl. pyrrolidinyl. pyrazolyl. pyrazolidinyl. imidazolyl, imidazolinyl. imWazolidinyl, pyridyl. pyrazinyl. pyronrimyl, 
cySS ox%, oxaioLny. isoLofyl. isoxazolidinyl, morphoJinyl. thiazoV., miazofidinyl. Isothiazofy.. qumucW- 
myl. isothiazotidinyt. indolyl quinofinyl. feoquinolmyl. benzimidazolyl, thiadiazolyh benzopyranyl. bera^jazoJJ ^ben- 
30 zoazotyl. furyl. tetrahydrofuryi. tetrahydropyranyl. thienyl. benzothienyl. th.amorphollnyl. thHmorpholinyl-eulloxide . thi- 
amorpholinylsulfone. oxadiazolyl. triazolyl. tetrahydroquinolinyl, tetrahydrisoquinolinyl, 3-methylimidazolyl, 3;™thox- 
ypyridyl. 4-chlorcquinolinyl, 4-aminothiazofyl. 8-methylquinolinyl, 6-chtoroquinoxalinyl, 3-ethylpyridyl. 
zimidazolyl 4-hydroxyturyl. 4-methylisoquinolinyl, e.e^ibromoquinolinyl. 4.8-dimethyl^aphthyl. 2-methyH A3.4-tet- 
rahydroisoquinolmyl, N-methyhquinolin-2-yl. 2-rtutoxycarbony1-1.2,3,4^uinotin-7^andthe like, 
as -C,-C R alkoxy' represents a straight or branched alkyl chain having from one to six carbon atoms attached to an 
oxygen atom. Typical <VC 6 alkoxy groups include methoxy. ethoxy. propoxy. isopropoxy. butoxy. t-butoxy. pentoxy 
and the like The term 'C,-^ alkoxy* includes within its definition the term *C 1 -C 4 alkoxy*. 

•C,-C R alkanoyP represents a straight or branched alkyl chain having from one to five carbon atoms attached to 
a caibonyl moiety. Typical C r C 6 alkanoyl groups include ethanoyl. propanoyl, isopropanoyl. butanoyl. f*utanoyl. pen- 
40 tanovl hexanoyl, 3-methylpentanoyl and the Bke. 

■C,*4 alkoxycarbonyl* represents a straight or branched alkoxy chain having from one to tour carbon atoms 
attached to a carbonyl moiety. Typical C,-C 4 alkoxy-caibonyl groups include methoxycatbonyl. ethoxycaibonyl, pro- 
ooxycarbonyl, isopropoxycamonyl, butoxycarbony^ 

'C-C. cycloalkyl- represents a saturated hydrocarbon ring structure containing from three to eight carbon atoms 
4s which fe unsubstituted or substituted with 1 . 2 or 3 substituents independently selected Irom halo. nalofp^Jalkyl.- 
C,-C 4 alkyl. C,-C 4 alkoxy. carboxy. C,-C 4 alkoxycaibonyl. carbamoyl. N-(C,^ 4 )alkylcarbarnoyl. ammo. C,-C 4 
alkytemino di(cVc 4 )alkylamino or -(CHj^-R* where a is 1 . 2. 3 or 4 and R' is hydroxy. C,-C 4 alkoxy. carboxy C,-C 4 
alKcarbonyl. amino, carbamoyl. C n -C 4 alkylamino or di( Cl -Calamine. Typical C 3 -C e cyctoalkyl groups .mclucte 
cyctopropyl. cyctopentyl. cyclohexyl. cycloheptyl. 3-methyl«yclopentyl. 4^thoxycyclohexyl. 4-carboxycycloheptyl. 
so 2-chlorocyctohexyl. cyctobutyl. cyclooctyl. and the like. 

The term 'amino-protecting group* as used in the specification refers to substituents ol the ammo group commonly 
emptovedto block or protect the amino functionality while reacting other functional groups on the compound. Examples 
of such amino-protecting groups include formyl. trityl, phthalimido. trichloroacetyl. chtoroacetyl. brcmoace^. to- 
doacetyl and urethane-type blocking groups such as benzyloxycarbonyl, 4-phenylbenzyloxycarbonyl, 2-methylben- 
55 zvloxycatbonyl. 4-methoxybenzyloxycarbonyl, 4-fluorobenzyloxycatbonyl, 4-chtoiobenzyloxycarbonyl, 3-chtorobenzy- 
loxvcarbonyl. 2-chlorobenzytoxycarbonyl, 2.4^ichtorobenzyloxycarbonyl. 4-bromobenzytoxycarbonyl. 3*romobenzy- 
loxvcarbonyl. 4-nitrobenzyloxycarbonyl, 4-cyanobenzyloxycarbonyl. rtutoxycarbonyl. l.1^iphenyleth-1-yloxycarbo- 
nyl 1 iKJiphenylprop-1-yloxycarbonyl. 2-phenylprop-2-yloxycarbonyl. 2-(p-toluyl).prop-2-yloxycarbonyl. cyctopentan- 
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yloxycarbonyl, 1-methylcyclopentanyloxycarbonyl, cyclohexanytoxycarbonyl, 1-methylcyclohexanyloxycarbGnyl, 
2-methylcyclohexanyloxycarbonyl, 2-(4-toluylsurfonyl)-ethoxycarbonyi. 2-(m ethyls unonyl)ethoxycarbonyl. 2-(triphe- 
nylphosphino)-ethoxycarbonyl, fluorenylmethoxy-carbonyl ("FMOC"), 2-(trimethylsi!yl )ethoxycarbonyl, altyloxycarbo- 
nyl, V('rinnethylsitylmethyl)prop-l-enyloxycarbonyl, 5-benzisoxarylmethoxycarbonyl, 4-acetoxybenzyloxycarbonyl, 

5 2.2,2-trichloroethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl, cyclop ropy Imethoxycarbonyl. 4-(decytoxy)benzy1oxycar- 
bonyl, isobornyloxycarbonyl, 1-piperidyloxycarbonyl and the like; benzoylmethylsulfonyl group. 2-nitrophenylsulfenyl, 
diphenylphosphine oxide and like amino-protecting groups. The species of amino-protecting group employed is usually 
not critical so long as the derivatized amino group is stable to the condition of subsequent reactions on other positions 
of the intermediate molecule and can be selectively removed at the appropriate point without disrupting the remainder 

10 of the molecule including any other amino-protecting groups. Preferred amino-protecting groups are trrtyl. f-butoxycar- 
bonyl (f-BOC), allyloxycarbonyl and benzyloxycarbonyl. Further examples of groups referred to by the above terms 
are described by E. Haslam. "Protective Groups in Organic Chemistry", (J.G.W. McOmie, ed., ig73), at Chapter 2; 
and T.W. Greene and RG.M. Wuts, 'Protective Groups in Organic Synthesis 0 (1991). at Chapter 7. 

The term "carboxy-protecting group" as used in the specification refers to substituents of the carboxy group com- 

15 monly employed to block or protect the carboxy functionality while reacting other functional groups on the compound. 
Examples of such carboxy-protecting groups include methyl, p-nitrobenzyl, p-methylbenzyl, p-methoxy-benzyl, 
3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl, 2,4,6-trimethylbenzyl, pentamethytbenzyl. 
3,4-methylene-dioxybenzyl, benzhydryl, 4,4 , -dimethoxy-benzhydryl, 2 f 2 , ,4,4 , -tetramethoxybenzhydryl l f-butyl, f-amyl, 
trrtyl. 4-methoxytrityl, 4,4 , -dimethoxytrityl, 4 l 4 , ,4 , Mrimethoxytrityl l 2-phenylprop-2-yl, trimethylsilyl, f-butyldimethylsiiyl, 

so phenacyl; 2,2,2-trichloroethyl, 2-(di(n-butyl)methylsilyl)ethyl, p-toluenesurfonylethyl, 4-nitrobenzylsulfonyJethyl, allyl, 
cinnamyl, 1-(trimethylsilylmethyl)prop-1-en-3-yl and like moieties. Preferred carboxy-protecting groups areallyl. benzyl 
and (-butyl. Further examples of these groups are found in E. Haslam, supra , at Chapter 5, and T.W. Greene, ft al . 
supra , at Chapter 5. 



The term "leaving group' as used herein refers to a group of atoms that is displaced from a carbon atom by the 



25 attack of a nucleophile in a nucleophilic substitution reaction. The term "leaving group" as used in this document en- 
compasses, but is not limited to, activating groups. 

The term "activating group" as used herein refers a leaving group which, when taken with the carbonyl («C=0) 
group to which it is attached, is more likely to take part in an acylation reaction than would be the case if the group 
were not present as in the free acid. Such activating groups are well-known to those skilled in the art and may be. for 

30 example, succinimidoxy, phthalimidoxy, benzotriazolyloxy, benzenesutfonyloxy, methanesutfonyloxy, totuenesulfony- 
loxy, azido. or -O-C0-(C 4 -C7 alkyl). 

The compounds used in the method of the present invention have multiple asymmetric centers. As a consequence 
of these chiral centers, the compounds of the present Invention occur as racemates, mixtures of enantiomers and as 
individual enantiomers, as well as diaslereomers and mixtures of diastereomers. All asymmetric forms, individual iso- 

35 mere and combinations thereof, are within the scope of the present invention. 

Trie terms "R" and "S" are used herein as commonly used in organic chemistry to denote specific configuration of 
a chiral center. The term "FT (rectus) refers to that configuration of a chiral center with a clockwise relationship of group 
priorities (highest to second lowest) when viewed along the bond toward the lowest priority group. The term "S" (sinister) 
refers to that configuration of a chiral center with a counterclockwise relationship of group priorities (highest to second 

40 lowest) when viewed along the bond toward the lowest priority group. The priority of groups is based upon their atomic 
number (in order of decreasing atomic number). A partial list of priorities and a discussion of stereochemistry is con- 
tained in "Nomenclature of Organic Compounds: Principles and Practice", (J.H. Fletcher, eta}., eds., 1974) at pages 
103-120. 



In addition to the (R)-(S) system, the older D-L system is also used in this document to denote absolute configu- 



45 ration, especially with reference to amino acids. In this system a Fischer projection formula is oriented so thai the 
number 1 carbon of the main chain is at the top. The prefix *D" is used to represent the absolute configuration of the 
isomer in which the functional (determining) group is on the right side of the carbon atom at the chiral center and "L\ 
that of the isomer in which it is on the left 

As noted supra , this invention encompasses methods employing the pharmaceuticalry acceptable salts of the 
50 compounds defined by Formula I. A compound of this invention can possess a sufficiently acidic, a sufficiently basic, 
or both functional groups, and accordingly react with any of a number of organic and inorganic bases, and inorganic 
and organic acids, to form a pharmaceuticalry acceptable salt. 

The term "pharmaceuticalry acceptable salt" as used herein, refers to salts of the compounds of the above formula 
which are substantially non-toxic to living organisms. Typical pharmaceutical acceptable salts include those salts 
55 prepared by reaction of the compounds of the present invention with a pharmaceuticalry acceptable mineral or organic 
acid or an organic or inorganic base. Such salts are known as acid addition and base addition salts. 

Acids commonly employed to form acid addition salts are inorganic acids such as hydrochloric acid, hydrobromte 
acid, hydroiodic acid, sulfuric acid, phosphoric acid, and the like, and organic acids such as p-toluenesulfonic, meth- 
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anesultonic acid, oxalic acid. ,>bromophenylsulfonic acid, carbonic acid, succinic acid, citric acid, benzoic acid, acetic 
add and the like. Examples £ such pharmaceutical* acceptabte salts are the sullate. W^^iSt 
bisulfite, phosphate, monohydrogenphosphate. dihydrogenphosphate. metaphosphate. PW^. b ™£ 8 ' £ 
dde acetate propionate, decanoate. caprylate, acrylate. formate, hydrochtor.de. ^f roc ^'^^ 

s caproate heptanoate. propiolate. oxalate, matonate. succinate, suberate, sebacate, lumarate, maleate. butyne-1 ,4-di- 
2 hexyne-I.e-dioate. benzoate. chlorobenzoate. methylbenzoate. hydroxybenzoate. methoxybenzoate, phthalate. 
xylenesulfonate, phenylacetate. phenylpropionate, phenylbutyrate. citrate. ^tate. r hydroxybutyrate gjrcolate ter- 
trate methanesulfonate. propanesuHonate, naphthalene-1 -sulfonate, napththalene-2-sulfonate, mandelate and the 
like Preferred pharmaceutical* acceptable acid addition salts are those formed with mineral acids such as hydrochloric 

io acid and hydrobromic acid, and those formed with organic acids such as maleic acid and methanesulfonic acid. 

Base addition safts include those derived from inorganic bases, such as ammonium or alkali or alkaline earth metal 
hvdroxides carbonates, bicarbonates, and the like. Such bases useful in preparing the salts of this invention thus 
include sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassium catenate sodium ^rtonate. «, 
dium bicarbonate, potassium bicarbonate, calcium hydroxide, calcium carbonate, and the like. The potassium and 

16 6 T*ou^ 

critical nature, so long as the salt as a whole is pharmacologically acceptable and as long as the eountenon does not 

contribute undesired qualities to the salt as a whole. .... M « .«h.»i»« «f th* 

This invention further encompasses methods employing the pharmaceuHcally acceptable solvates of the com- 
« pounds of Formulas I. Many of the Formula I compounds can combine with solvents such as water, methanol ethanol 
and acetonftrile to form pharmaceutical* acceptable solvates such as the corresponding hydrate, methanolate. eth- 

800 ThVe^Spr^rred compounds used in the methods of this Invention are those of Formula I wherein 
25 a) R is substituted or unsubstituted 2- or 3-indolyt. phenyl, or naphthyl; 

e) R^te phenyl, substituted phenyl, piperidinyt, substituted piperidinyt. piperazinyl. substituted piperazinyl. pyrro- 
lidinyl, pyrldyl, benzoyl, or moipholinyl; 

dtFPis-CO-F^.C.-C.aJIcylsulfonyl.brC^ U , 1 _ J 
e) R3 is phenyl, substituted phenyl. C 3 -C a cycloalkyl. substituted C 3 -C 8 cyctoalkyl, naphthyl or substituted naphthyl; 

and 

0 R 8 is hydrogen or methyl. 

A most preferred group of compounds used in the methods of this invention are those of Formula I wherein R is 
35 optionally substituted tndolyl, R' is substituted piperidinyl or substituted piperazinyl. R» is hydrogen and RZ is acetyl 
or msthylsutfonyl. Another prcfened group of compounds used in the methods of thieinvertrcn , areH those of Formula 
I wherein R is naphthyl, R' is optionafly substituted phenyl, substituted piperidinyl or substituted piperazinyl. R* is acetyl 
or melhylsulfonyl. and R 3 is phenyl or substituted phenyl. 

The especially preferred compounds of this invention are those of Formula I wherein 

40 

a) R is substituted or unsubstituted 2- or 3-indotyl. phenyl, or naphthyl; 

e) Ft" s'trilyl. phenyl, substituted phenyl, piperidinyl. substituted piperidinyl. piperazinyl. substituted piperazinyl. 
pyrrolidinyl, pyridyl. benzoyl, or morpholinyl; 
45 djRZjs-CO-tf.C^alkylsuKOTyU^ ^ ... „ 

e) R 3 is phenyl, substituted phenyl, CyCecyctoalkyl. substituted C 3 -C 8 cyctoalkyl. naphthyl or substituted naphthyl; 

and 

I) R 8 is hydrogen or methyl 



30 



so 



The single most pretened compound employed in the methods of the present invention is (R)<H1H-indd-3irlH- 
[N-(2-methoxyt>er^l)acetylam^ dihydrochtorlde trt- 

hydrate 
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■10 



1S 



OCH 3 




"k>o 



2HC1 

3H 2 0 



the synthesis of which is described in United States Patent 5,530,009. issued June 25, 1996. the entire contents of 
which are herein incorporated by reference. 

The compounds ot the present invention can be prepared by a variety of procedures well known to those of ordinary 

20 skill in the an. The particular order of steps required to produce the compounds of Formula I is dependent upon the 
particular compound being synthesized, the starting compound, and the relative lability of the substituted moieties. 

Examples of such protocols are depicted in Schemes I through IV. The coupling of the substituted amine to the 
compound of Formula II (Method A) can be performed by many means known in the art. the particular methods em- 
ployed being dependent upon the particular compound of Formula II which is used as the starting material and the 

2$ type of substituted amine used in the coupling reaction. These coupling reactions frequently employ commonly used 
coupling reagents such as 1,1-carbonyl diimidazole, dicyclohexylcarbodiimide, diethyl azodicarboxylate, 1-hydroxy- 
benzotriazole. alkylchtoroformate and trielhylamine, phenyldichlorophosphate, and chlorosuflonyl isocyanate. Exam- 
ples of these methods are described infra . After deprotection of the amino group, the compounds of Formula III are 
obtained. 

30 The compound of Formula III is then reduced, converting the amide into an amine (Method 6). Amides can be 

reduced to amines using procedures well known in the art. These reductions can be performed using lithium aluminum 
hydride as well as by use of many other different aluminum-based hydrides. Alternatively, the amides can be reduced 
by catalytic hydrogenation, though high temperatures and pressures are usually required tor this. Sodium borohydride 
in combination with other reagents may be used to reduce the amide. Borane complexes, such as a borane dimethyl- 

35 sulfide complex, are especially useful in this reduction reaction. 

The next step in Scheme I (Method C) is the selective acylation of the primary amine using standard methods, as 
typified by Method C. Because of the higher steric demand of the secondary amine, the primary amine Is readily 
available for selective substitution. 

This acylalton can be done using any of a large number of techniques regularly employed by those skilled in organic 

40 chemistry. One such reaction scheme is a substitution using an anhydride such as acetic anhydride. Another reaction 
scheme often employed to acylate a primary amine employs a carboxylic acid preferably with an activating agent as 
described for Method A, supra . An amino-de-alkoxylation type ot reaction uses esters as a means of acylating the 
primary amine. Activated esters which are attenuated to provide enhanced selectivity are very efficient acylating agents. 

45 



so 
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Scheme I 
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wherein: 



R" is equal to -(CH^-R 1 ; and 
R* is not hydrogen. ■ 
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Scheme II 
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Primary amines can also be acylated U9ing amides to perform what is essentially an exchange reaction. This 
reaction is usually carried out with the salt of the amine. Boron Irrfluortde, usually in the form of a boron trifluoride diethyl 
ether complex, is frequently added to this reaction to complex with the leaving ammonia. 

The next procedure is one of substitution of the secondary amine (Method D). For most of the compounds of 
Formula I this substitution is one of alkytation, acylation, or surfonation. This substitution is usually accomplished using 
well recognized means. Typically, alkytations can be achieved using alkyl halides and the like as well as the well-known 
reductive alkytation methods as seen in Method G, Scheme II, supra , employing aldehydes or ketones. Many of the 
acylating reaction protocols discussed supra efficiently acylate the secondary amine as well. Alkyl- and aryl-sulfonyt 



11 



EP 0761 219 A1 

chlorides can be employed to sulfonate the secondary amine. 

In many instances one of the later steps in the synthesis of the compounds of Formula I is the removal of an amino- 
or carboxy-protecting group. Such procedures, which vary, depending upon the type of protecting group employed as 
well as the relative lability of other moieties 'on the compound, are described in detail in many standard references 
works such as T.W. Greene, etal. Protective Groups in Organic Synthesis (1991). 

Schemes II and HI depict alternative protocols and strategies tor the synthesis of the compounds of Formula I. 
Many of the individual reactions are similar to those described in Scheme I but the reactions of Schemes II and 111 are 
done in a different, but yet well known to those skilled in the art, series of steps. 
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wherein R 2 * coupled with the carbonyl group to which it is attached is equal to R 2 . 
55 in order to preferentially prepare one optical isomer over its enantiomer, the skilled practitioner can proceed by 

one of two routes. The practitioner may first prepare the mixture of enantiomers and then separate the two enantiomers. 
A commonly employed method for the resolution of the racemic mixture (or mixture of enantiomers) into the individual 
enantiomers is to first convert the enantiomers to diastereomers by way of forming a salt with an optically active salt 
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or base These diastereomers can then be separated using differentia! solubility, fractional crystallization, chromatog- 
raphy, or like methods. Further details regarding resolution of enantiomeric mixtures can be found in J. Jacques, etal, 
•Enantiomers, Racemates, and Resolutions", (1991). 

In addition to the schemes described above, the practitioner of this invention may also choose an enantiospecific 
protocol for the preparation of the compounds of Formula I. Scheme IV, infra, depicts a typical such synthetic reaction 
design which maintains the chiral center present in the starting material in a desired orientalion, in this case m the -R" 
configuration. These reaction schemes usually produce compounds in which greater than 95 percent of the title product 
is the desired enantbmer. , 

Many of the synthetic steps employed in Scheme IV are the same as used in other schemes, especially Scheme 111. 
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The following depicts representative examples ol reaction conditions employed in the preparation of the com- 
pounds of Formula I. 
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Method A 

Coupling of cerboxyllc acid and primary amine to lorm amide 

Preparation o. 2-f-butoxycarbony^^ )propanam W e 

The die«ane was removed ^, l J^2S^««»»d eeArn biearconal. icukn. emc and ut 
of homogeneous product as yellow crystals. Yield 80.8%. m.p. 157-160 C. 
Deprotectlon of primary amine 

Synthesis of 2-amino-3-(1H-hdol-3-yD-N-(2-methoxybenzyl )propanamide 

^^2.^0^ 

The volatiles were removed under reduced pressure^r^proo ^ jed wer 

-^^^^ 

S fj (94.2%) of homogeneous product as an oft-white powder. m.p. 104-108 C. 
Method B 

Reduction of amide earbonyl 

Synthesis of 2^mino-3-(lH-lndol-3-yl>1-lN-(2-methoyyben2yl )aminolpropane 

■ to <ui H.iridol-3-vn-N-(2-meth6xybenzyl)propanamide (9.81 g, 30.3 mmotes). pre- 
Toa refluxing solufon ol ^ydrofuran was added dmpwise a 10M borane-methyl sulfide 

an amber oil. 
Method C 

Aeylation of primary amino 

Preparation of 3-(1H-^^ 
propane 

[Compound of Example 17] 

5 . „ „ . v ft : _ ra y,rv-i wnpreiic acid sodium salt (1 .64 g. 6.8 mmoles) and triethylamine hydrobro- 
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g, 6.5 mmoles) and 1 0 ml of anhydrous dimethy Iformamide were added to the mixture. The resulting mixture was stirred 
for about 3 hours at room temperature. 

A solution of the 2-amino-3-(lH-indol-3-yl)-1-iN-(2-methoxyben2yl)amino]propane (75%) and the indoline deriva- 
tive (25%) prepared supra , dissolved in 10 ml of anhydrous dimethyltormamide was added to the previous reaction 
5 mixture. The resulting mixture was stirred for about 16 hours at room temperature. The dimethyltormamide was re- 
moved under reduced pressure. 

The title product and its indoline derivative were partitioned between ethyl acetate and water and then washed 
with brine, and dried over sodium sulfate. The solvents were removed in vacuo . This process yielded 3.2 g of a mixture 
of the title compound and its indoline derivative as a yellow oil. These two compounds were then separated using high 
10 performance liquid chromatography using a reverse phase column followed by a silica gel column to give the title 
product (5.2 % yield) as a yellow foam. 

Method D 

75 Techniques of Acylatlon of Secondary Amine 

Preparation of 1 -{N-ethoxycarbonyl-N-(2-methoxybenzy!)amino]-3-(1 H-indol-3-yl)-2-lN-(2-((4-phenyl)pipera2in-1 -yl) 
acetyl)amino]propane 

so [Compound of Example 28] . 

To a solution of the 3-(1 H-indol-3-yl)-1 -|N-(2-methoxybenzyl)amino]-2-[N-(2-((4-phenyI)pipera2in-1 -yl)acetyl)ami- 
no]propane (0.43 g, 0.B5 mmole) and triethylamine (130 uJ, 0.93 mmole) in 5 ml of anhydrous tetrahydroturan, was 
added dropwise ethylchloroformate (89 ui 0.93 mmole). The resulting mixture was stirred for about 16 hours at room 
2S temperature. The tetrahydroturan was removed under reduced pressure. 

The acytated product was partitioned between ethyl acetate and 0.2 N sodium hydroxide, and was then washed 
with water and brine successively, then dried over sodium sulfate. Flash chromatography (silica gel, methanofcmeth- 
ylene chloride, 2.5:97.5) provided 390 mg of homogeneous title product as a white foam. 

30 Preparation of 3-(l H-indot-3-yl)-1 ^-(2-mettoxyberayl)-N-(methyl^ 
piperazin-1 -yl)acetyI)amino]propane 

[Compound of Example 29] 

35 To a room temperature solution of 3^1H-indol-3-yl)-t-[N-(2-methoxybenz^^ 

1-yl)acetyl)amino]propane (0.40 g, 0.7B mmole) in 10 ml of anhydrous tetrahydroturan was added dropwise methyl 
isocyanate (140 ul, 2.3 mmoles). The resulting mixture was then stirred for 16 hours at room temperature. The tetrahy- 
drof uran was removed in vacuo . The title product was isolated by consecutive washes with ethyl acetate, water, and 
brine, and then dried over sodium sulfate. Flash chromatography using silica gel and a methanol/imethylene chloride 

*o (5/95) eluant provided 396 mg of the homogeneous product as a yellow oiL 

Alkylatlon of Secondary Amine 

Preparation of l4N-emyl«N-(2-metrK>xybenzyl)amta^^ 
45 aminojpropane 

[Compound of Example 9] 

To a room temperature solution of 3-(1H-indol-3-yl)-1^(2^ethoxybenzyty 

so 1 -y|)acetyl)amino]propane (0.41 g, 0.60 mmole) in 5 ml of anhydrous N.N-dimethytformamide were added ethyl iodide 
(120 u.l, 1.5 mmoles) and potassium carbonate (120 mg, 0.67 mmole). This mixture was then heated to 50°C and 
maintained at that temperature for about 4 hours after which it was stirred at room temperature for about 16 hours. 
The N,N-dimethy Iformamide was then removed under reduced pressure. The product was partitioned between ethyl 
acetate and water, and then washed with brine, before drying over sodium sulfate. The solvents were removed jn 

55 vacuo . Preparative thin layer chromatography provided 360 mg of the title product as a yellow foam. 
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Method E 

Reduction of the carbonyl of an amide 

5 Preparation of 1 ,2-diamino-3-(1 H-indol-3-yl)propane 

Boron trifluoride etherate (12.3 ml, 0.1 mmole) was added to a tetrahydrofuran (24.4 ml) solution of tryptophan 
amide (20 3 g. 0.1 mole) at room temperature with stirring. At reflux with constant stirring, borane methylsulfide (32.25 
ml 0 34 mole) was added dropwise. The reaction was heated at reflux with stirring for five hours. A tetrahydrofuran: 
to water mixture (26 ml, 1:1) was carefully added dropwise! A sodium hydroxide solution (160 ml, 5N) was added and 
the mixture heated at reflux with stirring for sixteen hours. 

The layers of the cooled mixture were separated and the aqueous was extracted twice with 40 ml each ol tetrahy- 
drofuran These combined tetrahydrofuran extracts were evaporated. Ethyl acetate (800 ml) was added and this so 
lution was washed three times with 80 ml saturated sodium chloride solution. The ethyl acetate extract was dned over 
is sodium sulfate, filtered and evaporated to yield 18.4 g (97%) of the title compound. 



Protection of primary amine 

Preparation of the 2-amino-1-^utoxycarbonylaminch3-(1H-indol-3-yl)propane. 

20 

Di^butyldicarbonate (0.90 ml, 3.9 mmoles) in 1 0 ml of tetrahydrofuran was added dropwise at room temperature 
to the l,2-oiamino-3-{1H-indoh3-yl)propane (1.06 5. 5.6 mmoles) produced supra, which was dissolved in 28 ml of 
tetrahydrofuran This dropwise addition occurred over a 5 hour period. The soh/ent was evaporated. Flash chromatog- 
raphy using ethanol/ammonium hydroxide/elhylacetate yielded 0.51 g (1 .76 mmoles, 31%) of the desired carbamate. 

2$ 

Acylatlon of the secondary amine 

Preparation of 1 -rtnitoxycaibon^ -yOacetyl)amino]propane 
30 [Compound of Example 151] 

A slurry of 2-((4-phenyl)piperazin«1 -yl)acetic acid (2.47 g, 11.2 mmoles) and triethylamine (3.13 ml, 22.5 mmoles) 
in acetonltrile (1200 ml) was heated to reflux briefly with stirring. While the resulting solution was still warm carbonyl- 
diimidazole (1 82 g, 11.2 mmoles) was added and the mixture was heated at reflux tor 10 minutes. The 2-amino- W- 
55 butoxvcarbony.lamino-3-(1H-indol-3yl)-propane (3.25 g. 11.2 mmoles) in 50 ml of acetonitrile was then added to the 
reaction. The resulting mixture was refluxed with stirring for 30 minutes and was then stirred at room temperature 
overnight 

The reaction mixture was then refluxed with stining for 5 hours and the solvent was then removed invacuo. The 
resulting oil was washed with a sodium carbonate solution, followed by six washes with water, which was followed by 
40 a wash with a saturated sodium chloride solution. The resulting liquid was dried over sodium sulfate and fittered. The 
retained residue was then dried in vacuo . The filtrate was reduced in volume and then partially purified by chromatog- 
raphy. The sample from the chromatograaphy was pooled with the residue retained by the filter, combining tor 3.94 
grams (72% yield) of the title product. 



4$ Method F 

Deprotectlon of Primary Amine 

Synthesis of i^mino-3-<1H-(iidol-^ 

so 

[Compound of Example 150) 

To an ice cold soution of 70% aqueous trifluoroacetic acid (2.8 ml of trifluoroacetic acid in 4.0 ml total volume) 
were added w*uto)cycaroony!amino^ ( 0 80 

ss g, 1 .63 mmoles) and anlsote (0.4 ml). This mixture was stirred tor 35 minutes, resulting in a clear solution. The solution 
was then stirred for an additional hour and men evaporated. 

Ethyl acetate was then added to the resulting liquid, followed by a wash with a sodium carbonate solution. This 
wash was then followed by three washes with a saturated sodium chloride solution. The resulting solution was then 
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dried over sotdium sulfate, filtered and evaporated, resulting in 0.576 g (90% yield) ol the title product. 
Method G 

5 Reductive Alkyiatlon of Primary Amine 

Preparation of 1-[N-(2<hlorobenzyl)amino]-3-(1 H-indol-3-yl )-2^N-(2-((4i)henyl)piperazin-1-yl)acetyl)amino] 
propane. 

10 [Compound of Example 2] 

2-Chlorobenzaldehyde (0.11 2 g, 0.8 mmole) was combined with the 1 «amino-3-(1 H-indol-3-yl)-2-(N-{2-((4-phenyl) 
piperazin-1-yl)acetyl)amino]propane (0.156 g. 0.398 mmole) in toluene. The resulting mixture was then stirred and 
warmed, and then evaporated. Toluene was then added to the residue and this mixture was again evaporated. Tal- 
is rahydrof uran was added to the residue and the mixture was then cooled in an ice bath. 

Sodium cyanoborohydride (0.025 g. 0.4 mmole) was then added to the reaction mixture. Gaseous hydrogen chlo- 
ride was periodically added above the liquid mixture. The mixture was stirred at room temperature for 16 hours and 
then reduced in volume in vacuo . 

A dilute hydrochloric acid solution was then added to the residue and the solution was then extracted twice with 
20 ether. The acidic aqueous extract was basified by the dropwise addition of 5N sodium hydroxide. This basified solution 
was then extracted three times with ethyl acetate. The combined ethyl acetate washes were washed with a saturated 
sodium chloride solution, dried over sodium sulfate, filtered and evaporated. This process was followed by chroma- 
tography yielding 0.163 g (79% yield) of the title product. 

25 Method H 

Trltylatlon 

Preparation of 3-(1 H-indo!-3-yI)-2-(N4ripheriylrnethylamino )propanamide. 

30 

Tryptophan amide (26.43 g, 0.130 mole) was suspended in 260 ml of methylene chloride and this mixture was 
flushed with nitrogen and then put under argon. Trityl chloride (38.06 g, 0.136 mole) was dissolved In 75 ml of methylene 
chloride. The trityl chloride solution was slowly added to the tryptophan amide solution which eat in an ice bath, the 
addition taking about 25 minutes. The reaction mixture was then allowed to stir ovenight 

35 The reaction mixture was then poured into a separation funnel and was washed with 250 ml of water, followed by 

250 ml of brine. As the organic layer was filtering through sodium sulfate to dry, a solid precipitated. The filtrate was 
collected and the solvent was evaporated. 

Ethyl acetate was then added to the pooled solid and this mixture was stirred and then refrigerated overnight. The 
next day the resulting solid was washed several times with cold ethyl acetate and then dried in vacuo . Yield 49.76 g 

40 (85.9%). 

Reduct ion of Car bony I 

Preparation of l-amino-3-(1H-indol-3-yl)-2-(N-triphenylmethylamino)propane 

45 

Under argon the 3-( 1 H-indol-3-yl)-2-(N-triphenylmethylamino)propanamide (48.46 g, 0.1 08 mole) was suspended 
in 270 ml of tetrahydrofuran. This mixture was then heated to reflux. Borane-methyl sulfide complex (41.3 g, 0.543 
mole) was then slowly added to the reaction mixture. All of the starting amide dissolved during the addition of the 
borane-methyl sulfide complex. This solution was then stirred overnight in an 83°C oil bath. 

so After cooling a 1:1 mixture of tetrahydrofuran: water (75 ml total) was then added to the solution. Sodium hydroxide 

(5N, 230 ml) was then added to the mixture, which was then heated to reflux tor about 30 minutes. 

After partitioning the aqueous and organic layers, the organic layer was collected. The aqueous layer was then 
extracted with tetrahydrofuran. The organic layers were combined and the solvents were then removed by evaporation. 
The resulting liquid was then partitioned between ethyl acetate and brine and was washed a second time with brine. 

ss The solution was then dried over sodium sulfate and the solvents were removed in vacuo to yield 48.68 grams of the 
desired intermediate. 
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10 



Substitution of primary amine 

PKparatonotH^^ 

• ,./ih indo. 3 vll 2-<N-triphenylm e thylamino)propane (48.66 g. 0.109 mole) dissolved in 
To a mixture of vamino-3-(1 H-.ndol-3-y )-2 (N tr pneny y g-methoxybenzaldehyde having been 

toluene (1.13 .) was added 2-me.hoxybe^ 

previously purified by basewash.Therea^ 

The recovered solid wasdissotved in 376mlc* a 1 oTce fol about 4 h 

sodiumboro.ydride ,6.639.0,60^ 

by evaporation. The remam.ng hquri was p«Uan«U be.w err W y ^ ^ d ^ ^ sodjum 

^^Ten^^^ 



product. 
»5 Method J 



20 



25 



30 



35 



40 



45 



SO 



ss 



Trltylatlon 

Preparation of s*»WoW^^ "* I N ^W t0 P han ' 

u , nnomi- 0527 moles) was added at a "moderate rate to a stirring slurry 
Chlorotrimethyls,lane (70.0 ml 0.527 ™» ^ ~ , a nftrogen atmosphere. This mixture was continuously 

addition of methanol (500 ml). imannrn f 0r to near drvness and the mixture was redissolved in methylene 

The solution was concentrated on a rota* W^^JJJ solution <2X) and brine <2X) was then per- 
chloride and ethyl ecetate. An aqueous ^^^^^^Zi concentrated to dryness on a rota* 
formed. The organic layer was dried ^^^Z^X'^^ hexanes to promote crystallization. 

^ s ^s%^™^ 

was isolated as a light tan solid in two crops giving a total of 79% yield. 

Coupling 

Preparation of 3- 0 H.indol-3-y1)^^^ 

Toastimngso*,ion«^ 
oxybenrylamine (56.0 ml. 0.429 mole), and h ^ ro ^^°'7^. t „^J n atm0S p he « at 0«C. were added 
Sur(l.7L)andanhy r sNN^ 

triethylamine (60.0 ml. 0.430 mole) and 1 f^2™J£^ a nitrogen atmosphere for at least 20 hours. The 
^e). The mfcture /SSSESX methy.enTch^ride and an aquae*. worK- 

mixture was concentrate ^^SSSZ bicarbonate solution (2X). and brine (2X) was performed The 
up of 5% citric acid solution (2X).J « ™. S *'"„ ate fmered , concentrated to dryness on a rotary evaporator. 

(95% yield). 
Reduction 

Preparation of 3 . ( iH.indo>-3-yO-l 

Re ^,a,4M,o,ut r s t ^ 
dissolved in anhydrous te '^"™^ (22B.6g. 0.404 

theacylation product. ^^^^^Tm^ a nitrogen atmosphere. The reaction mbaure 
mols) produced ^ucra. in ^ ^ ^^^^^g^^^ q^^j jg3§^ 20 hours tty the slow addition of excess saturated 
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dried over anhydrous sodium sulfate, filtered, and concentrated to an oil on a rotary evaporator. No further purification 
was done and the product was used directly in the next step. 

Method K 

5 

Acylation 

Preparation of 3-(1 H-indol-3-yl)-1 4N-(2-methoxyben2yl)-acety1aminoJ-2-(N-triphenylmethylamino)propane 

10 To a stirring solution of 3-(1H-indol-3-yl)-l-[N-(2-meth^ 

(0.404 mole) in anhydrous tetrahydrofuran (1.2 liters) under a nitrogen atmosphere at 0°C was added triethylamine 
.(66.5 ml, 0.477 mole) and acetic anhydride (45.0 ml, 0.477 mole). After 4 hours, the mixture was concentrated on a 
rotary evaporator, redissotved In methylene chloride and ethyl acetate, washed with water (2X) and brine (2X), dried 
over anhydrous sodium sulfate, filtered, and concentrated to a solid on a rotary evaporator. The resulting solid was 

is dissolved in chloroform and loaded onto silica gel 60 (230-400 mesh) and eluted with a 1:1 mixture of ethyl acetate 
and hexanes. The product was then crystallized from an ethyl acetate/hexanes mixture. The resulting product of 3- 
(1 H-indol-3-yl)-1 -[N-(2-methoxyben2yl)acetylamino]-2-(N-triphenylmethylamino)propane was crystallized and isolated 
over three crops giving 208.97 grams (B7% yield) of analytically pure material 

20 Method L 

Detrltylation 

Preparation of 2-amino-3-(l H-indoi^-yl)-HN-(2-methoxybenzyl )acetylamino]propane 

25 

Formic acid (9.0 ml, 238.540 mmoles) was added to a stirring solution of 3-{1H-indo>-3-yl)-1-[N-(2-methoxybenzyl) 
acetylamino}-2-(N-triphenylmelhylamino)propane (14.11 g, 23.763 mmoles) in anhydrous methylene chloride undera 
nitrogen atmosphere at 0°C. After 4 hours, the reaction mixture was concentrated to an oil on a rotary evaporator and 
redissorved in diethyl ether and 1.0 N hydrochloric acid. The aqueous layer was washed twice with diethyl ether and 
so basified with sodium hydroxide to a pH greater than 12. The product was extracted out with methylene chloride (4X). 
The organic extracts were combined, dried over anhydrous sodium sulfate, filtered, and concentrated on a rotary evap- 
orator to a white foam. The compound 2-amino-3-(1 H-indol-3-y!)-1 -[N-(2^ethoxybenzyl)acetylamino]propane (7.52 
g. 21 .397 mmols) was isolated giving a 90% yield. No further purification was necessary. 

55 Method M 

Bromoacetylation 

Preparation of 2H(24)romo)acetyQamino-3-(lH-indol-3-y1H^ 

40 

To a stirring solution of 2-amino-3-(1H-hdol-3-yl)-1-|N-(2-methoxyben2y1)acatylamino)propane (7.51 g, 21.369 
mmoles) in anhydrous tetrahydrofuran (1 00 ml) under a nitrogen atmosphere at 0°C was added diisopropylethylamine 
(4.1 ml, 23.537 mmoles) and bromoacetyl bromide (2.05 ml. 23.530 mmoles). After 2 hours, ethyl acetate was added 
and the reaction mixture washed with water twice, 1 .0 N hydrochloric acid (2X), saturated sodium bicarbonate solution 
45 (2X). and brine. The organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated to a tan foam 
on a rotary evaporator. In this manner the 2-[(2-bromo)acetyl]amino-3-(lH-indol-3-yl)-1-{N-(2-methoxybenzyl) 
acetylaminojpropane was obtained in quantitative yield. No further purification was necessary. 

Method N 

so 

Nucleophilic Displacement 

Preparation of 1 -[N-(2-methoxybenzyl)acetyIamino]-3-(1 H-indol-3-yl)-2-[N-(2-((4-cyclohexyl)pipera2irv1 -yl)acetyl ) 
amino] propane- 

55 

[Compound of Example 74] 

1-CyclohexyIpipera2ine (3.65 g, 22.492 mmoles) was added to a stirring solution of 2-[(2-bromo)acetyi]amino-3- 
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» "TSKSSSSESt -»» — as shown In the « «p d »= «N» - 
Scheme IV is by means of reacting a compound of the formula 

och 5 



with a potassium carboxylate o1 the formula 



A 



in the oresence of isobutylchloroformate and N-methylmorpholine. This reactton is usually perfo^edjnthe 
2 J n^Sf^errtsuch as methylene chloride at cool temperatures, usually between -30>C and 10 C more 
, T^moTratures between -2CTC and 0«C. In this reaction equimolar amounts ol the two reactants are gen- 

is shown in the following example. 
Method P 

Preparation^ 
aminojpropane 

(Compound ot Example 75] 

The Me compound was prepared by first cooling 2-((4^clohexy0pipera2i^1^etic acid potassium satl to a 
. ZZZl i»e and -15»C in 5 volumes ot anhydrous methylene chloride. To this mature was then added 

a,?ra^ 

b ™ nM SriT benched by me addition of 5 volumes of water. The organic layer was washed c^e with a 

^TeL^lSmT'of isopropyl alcohol was then concentrated to three volumes by vacuum. The reaction mixture 
^S Sc to 5?C ami the product was allowed to crystallize for at least one hour. The des,red product was 

with sufficient propyl afcoho. to give a colorless fitoate. The crystal caxe 

was then dried under vacuum at 50°C. 
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Preparation of (R)-3-(1H-indol-3-yl)-1-[N-(2-meth^ 
acetyl)amino]propane dfriydrochloride trihydrate • 



5 



JO 



75 




* 3 H 2 0 



Under a nitrogen atmosphere 2-(4-(piperidin-1 -yl)piperidin-1 -yl)acetic acid, potassium salt (075 kg, 2.B4 mo!) was 
20 added to methylene chloride (7.5 L). The resulting mixture was cooled to -1 5 to -8°C and isobutyl chloroformate (0.29 

kg, 2.12 mol) was added at such a rate so as to maintain the temperature of the reaction mixture below -8°C. After the 

addition the resulting reaction mixture was stirred for 90 minutes between -15 and -8°C. 

The reaction mixture was then cooled to -35°C and solid (R)-2^ino-3-(1H-indol-a-yl)-1-lN-(2-methoxybenzyt) 

aminojpropane dihydrochloride (0.60 kg, 1 .14 mol) was added at such a rate that the reaction temperature was mairv 
2S tained at less than -20°C. After the addition, the reaction mixture was stirred for about one hour with the temperature 

being maintained between -37°C and -20°C. The reaction was quenched by the addition of deionized water (7.5 L). 

The reaction mixture was basified to pH 12.8-13.2 by the addition of 5 N sodium hydroxide. The aqueous fraction was 

removed and retained. Additional deionized water (3.75 L) was added to the organic fraction as was sufficient 5 N 

sodium hydroxide to re-adjust the pH to 12.8-13.2. 
30 The two aqueous fractions were combined, back-extracted with methylene chloride (1.5 L) and then discarded. ■ 

The organic tractions were combined and washed with deionized water (4 x 3.5 L). These extracts were combined, 

back-extracted with methylene chloride (1 .5 L), and then discarded. The two organic layers were combined and washed 

with a saturated sodium chloride solution (3.7 L). 

The organic fraction was dried over anhydrous magnesium sulfate, filtered, and solvent exchanged from methylene 
os chloride to acetone (3.75 L) on a rotary evaporator. An aqueous solution of hydrochloric acid (0.48 L of 6 N solution. 

2.BB mol) and seed crystals (2 g) were added and mixture was stirred for 30-90 minutes. Acetone (1 3.2 L) was then 

added and the slurry stirred for one hour. The resulting solid was then filtered, washed with acetone (2 x 1.4 L), and 

dried to yield 633 g (90%) ol(R)-3-(1 H«indd-3-yl)-1-[N-(2-rro^ 

ridin-1 -yl)acetyl)amino]propane dihydrochloride trihydrate. 
40 An alternative process of preparing the most preferred compounds is as follows. 

Preparation of (R)-3-(lH-indol-3-yl)-2-(N-Uiphenylrnethylamiho)propanoic acfcJ. N-methylmorpholine sari (N-trityl-D- 
tryptophan N-methylrnopholine salt). 

50 h cricyl 

To a one liter 4 neck flask equipped with mechanical stirrer, condensor, probe, and stopper, were added D-tryp- 
tophan (40.0 g, 0.196 mol). acetonitrile (240 ml), end 1,1,1 ,3,3,3-hexamethyldisilazane (39.5 g, 0.245 mol). The re- 
55 suitng mixture was heated to 50-60°C and stined until homogeneous. In a separate beaker trityl chloride (60.06 g, 
0.215 mof) and acetonitrile (120 ml) were slurried. The slurry was added to the silylated tryptophan mixture and the 
beaker was rinsed with 40 ml of acetonitrile. To the reaction mixture N-methylmorohofine (23.7 ml, 21 .8 g, 0.216 mol) 
was added and the resulting mixture was stirred lor one hour. The progress of the reaction was monitored by chroma- 
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tography. dded drQ jse t0 the reaction mixture and the resulting mixture 

JSS^^^TSl - ™ered. Ih. residue was washed w*h water, and then 

11.73 (brs, 1H). 



75 



20 



zs 



3D 



3$ 





Analysis for C 30 H26N2°2 : 






Theory: 


C, 80.69; 


H, 5.87; 


N.6.27 


10 


Found: 


C. 80.47; 


H, 5.92: 


N.6.10. 



Preparation of (R)-3-(1 H-indol-3-yl)-N-{2-methoxyben2yl)-2.(N-triphenylmethylamino )propanamide. 




To a two liter 4 neck flask equipped with mechanical stirrer, condensor, and thermocouple, i nftroge n* 
r^l^^trSSe Aft 63 9. 0.22 mol), and N-methy.morphol.ne (29.1 ml). Tne resuttrng mature was 

rnaS^Uhat temperature overnights progress o. the reaction -^^^SToT^tZ ^ S 
mn was then added dropwise to the reaction mixture and the resulting mtxture was cooled to less to lTC, titoM 
^filtered. The rescue was washed v«.th water (about 100 ml), and then dried to obta,n the des.red 

title product. (Yield: B7% and 91% in two runs) ■ 

SS^DCM 8 2 1 9 (dd J=6 4 Hz. Au=14.4 Hz. 1 H). 2.64 (d. J=63 Hz. 1H). 3.19 (dd. J=4.3Hz. Au=14.4Hz. 1H) 
3 X H) 3 63 s IS 3 99 ,dd. Ua Hz. Au=14.2 Hz. 1H). 4.25 ,dd. J=7, Hz *.U2 Hz 1H) . M4 (d I J*1 
Hz 1H)'. 6 BO Hz, 1H). 6.91 ft J=7.4 Hz. 1H). 7.06-7.38 (m. 21 H). 7.49 (d. J=7.9 Hz. 1H). 7.75 (s. 1H). 



Analysis lor C^H^NsC^". 


Theory 
Found: 


C, 80.68: 
C, 80.65: 


H. 6.24: 
H, 6.46: 


N, 7.43. 
N.7.50 



Reduction ol Carbonyl 



so 



55 



\ trityl V H «ityl 

Preparation of (R)-3-(1H-indol-3-yl)-1« 

RED-AL® la 3.4 M, solution ot sodium bis(2-methoxyethoxy)aluminum hydrtde in toluene] (535 ml. 1*1S » mol) 
dissS^anhydrous etrahydrofuran (400 ml) was slowly added using an addition funnel o a reflux** sotujon of 

! 4<£ mo ^^sTpSced sues, in anhydrous teUahydrofuran (1.0 L) under a nitrogen atmosphere. The ^« 
o^rnTa purple solutionis reaction was quenched after at least 20 hours by the stow add,Uon ot excess saturated 
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Rochelle's salt solution (potassium sodium tartrate tetrahydrafe). The organic layer was isolated, washed with brine * 
(2X). dried over anhydrous sodium sulfate, filtered, and concentrated to an oil on a rotary evaporator. No further puri- 
fication was done and the product was used directly in the next step. 

5 Acylation of Secondary Amine 



10 




is Preparation ot (R)«3-(1 H-indol-3-ylH-l^M2-methoxybenzyl)-ace^^ 

To a slining solution of (R)-3-(1H-indol-3-yO-1-[N-(2-methoxyta 
(0.404 mo!) in anhydrous tetrahydrofuran (1.2 L) under a nitrogen atmosphere at 0°C was added triethylamine (66.5 
ml, 0.477 mol) and acetic anhydride (45.0 ml. 0.477 mol). After 4 hours, the mixture was concentrated on a rotary 

so evaporator, redissolved in methylene chloride and ethyl acetate, washed with water (2X) and brine (2X), dried over 
anhydrous sodium sulfate, tittered, and concentrated to a solid on a rotary evaporator. The resulting solid was dissolved 
in chloroform and loaded onto silica gel 60 (230-400 mesh) and eluted with a 1:1 mixture of ethyl acetate and hexanes. 
The product was then crystallized from an ethyl acetate/hexanes mixture. The resulting product of (R)-3-(1H-indol- 
3-yl)-1-[N-(2-memoxybenzyl)acetyJamino]-2-(N-triphenylmethylamino)prc^ane was crystallized and isolated over 

25 three crops giving 20B.97 grams (87% yield) of analytically pure material. 





Analysis for C^r+jgNaO^ 




Theory. 


C, B0.91; 


H, 6.62; 


N, 7.08. 


30 


Found: 


C. 81.00; 


H, 6.69; 


N. 6.94. 



. Deprotectlon 



35 




Preparation of (R)-2-amino-3-(1H-hdol-S-yl)04N-(2 : methoxybenzyl)acetylamino^ropane dihydrochlbride 

A stirring solution of (R)-3-(1H-indol-3-yl)-1-[N-(2-meth^ 
45 pane in two volumes ol methylene chloride was cooled to between -40 e C and -50°C. Anhydrous hydrogen chloride 
gas was added at such a rale that the temperature of the reaction mixture did not exceed O^C. The reaction mixture 
was stirred for 30 minutes to one hour at 0-1 0°C. 

To this reaction mixture was added two volumes ot methylf-butyl ether and the resulting mixture was allowed to 
stir for 30 minutes to one hour at 0-1 0 6 C. The resulting crystalline solid was removed by filtration and then washed 
so with methyl fcbutyi ether. The reaction product was dried under vacuum at 50°C. (Yield >98%) 



55 



Analysis for C Zi H 2 ^z°2 • 2 HCI: 


Theory: 
Found: 


C, 59.44; 
C. 60.40; 


H. 6.41; 
H.6.60; 


N. 9.90. 
N, 9.99. 
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Preparation of 2-((4-cyclohexyl)piperazin-1-yl)acetic acid potassium salt hydrate 

Cyclohexylpiperez-ne (10.0 g. 0.059 mol) was added to ten vo.umes of methylene chloride at room temperature 
To thSurewas added sodium hydroxide ($6 ml of a 2N solut.on. 0.072 mol) and tetrabutylammon.um bromide (1.3 
q 0 004 mol) After the addition of the sodium hydroxide and tetrabulylammonium bromide, methyl bromoacetote (7.0 
ml % ZZZ) was added and the reaction mixture was stirred for four to six hours. The progress of the react™ was 

^o^lSTS^ and the aqueous phase was bacK-extracted w«h methylene chtoride The 
organ? chafes were combined and washed twice with deionized water, once with saturated sod,um brcarbonate sc- 
Sn and then with brine. The organic phase was dried over magnesium sulfate and the solvents were removed * 
vacuo to vield methyl 2-((4-cyclohexyl)ptperazin-1-yl)acetate as a yellowish oil. 

^ £ compound was prepared by dissolving the methyl 2-((4<yclohex y l}pipera 2l n.1-yl)aceta te (10.0 : g 0.042 
mol) in ten volumes of diethyl ether. This solution was cooled to 15'C and then potassium trimethyls.lanoate (5.9 g. 
0 044? wis added. This mixture was then stirred for four to sb< hours. The reaction product was removed by filtrate 
washed twice with five vo.umes of diethyl ether, then washed twice with five volumes of hexanes. and then dned m a 
vacuum oven for 12-24 hours at 50*C. 





Analysis for C^H^KNgCfe • 1.5 H 2 Or 


SO 


Theory: 


C, 49.63; 


H, 7.98; 


N. 9.65. 


Found: 


C, 49.54; 


H, 7.72; 


N, 9.11. 



Preparation of (R)-24N-<2-((4^clohexyl)piperaziri-1 -yl)acetyl)amino}-3-(1 H-indol-3-yl)-1 -{N-(2-methoxybenzyl) 
ecetylamino]propane 



30 



OCH 3 




40 



50 



65 



The title compound was prepared by firsf cooling 2-((4-cyclohexyOP>perazin-1-yl)acetic aad polasslumealt to a 
temperature between -8 B C and -15'C in 5 volumes of anhydrous methylene chloride. To this mixture was added bo- 
buiylchloroformate at a rate such that the temperature did not exceed 4PC The resulting reactron morture was stirred 
lor about 1 hour, the temperature being maintained between -B°C and -15°C. 

To this mixture was ihen added (R>2^mino-3-(1 H-indol-3-y.)-1 4N-(2-methoxyber^l)acetyl^.nofrropane , dihy- 
drochloride at such a rate that the temperature did not exceed 0'C. Next added to this mixture was N-methyl morphoHne 
at a rate such that the temperature did not exceed 0»C. This mixture was then stirred for about 1 hour at a temperature 

b6tW The n refcUoTwat Quenched by the addition of 5 volumes of water. The organic layer was washed once with a 
saturated sodium bicarbonate solution. The organic phase was then dried over anhydrous potassium carbonate and 
filtered to remove the drying agent To the filtrate was then added 2 equivalents ol concentrated W™**™? 
followed by 1 volume of isopropyt alcohol. The methylene chloride was then exchanged with isopropyl alcohol under 

VaCU The toal wlumTof isopropyl alcohol was then concentrated to three volumes by vacuum. The reaction mixture 
was cooled to 20°C to 25" > C and the product was allowed to crystallize for at least one hour. The desired product was 
then recovered by filtration and washed with sufficient isopropyl alcohol to give a colorless filtrate. The crystal cake 
was then dried under vacuum at 50°C. MS 560 (M+1 + ). 

iH NMR (CDCW 8 1.09-1.28 (m. 5H). 1.64 (d. J=10 Hz. 1H). 1.80-1.89 (m. 4H). 2.10 (s. 3H). 2.24-2.52 (m 9H). 2.90 
(s 2H1 2 95 (d J=7 Hz. 1H). 3.02 (d. J=7 Hz. 1 H). 3.12 (dd. J=5. 14 Hz. 1H). 3.77 (6. 3H). 4.01 (dd. J=10. 14 Hz. 1H). 
4 4^ABq IjS Hz. 43 Hz.2H), 4 56 (m. 1H). 6.79-6.87 (m. 3H). 7.05-7.24 (m. 4H). 7.34-7.41 (m. 2H). 7.67 (d. J=6 
Hz.1H).8.22(s. 1H). 
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Analysis lor C^H^N^: 




Theocy: 


C. 70.81; 


H, 8.10; 


N, 12.51. 


5 


Found: 


C, 70.71: 


H, B.21: 


N, 12.42. 



Preparation ot 2-(4-(piperidin-l-yl)piperidin-1-yl)acetic acid, potassium salt 




40 4-(Piperidin-1 -yi)piperidine (1 .20 kg, 7.1 3 mol) was added to methylene chloride (12.0 L) under a nitrogen atmos- 

phere. Tetrabutylammonium bromide (0.1 50 kg, 0.47 mol) and sodium hydroxide (1 7 L ol a 5 N solution, 8.5 mol) were 
then added. The reaction mixture was cooled to 10-15°C and methyl bromoacetate (1.17 kg, 7.65 mol) was added and 
the resulting mixture was stirred for a minimum of 16 hours. 

Deionized water (1.2 L) was then added to the mixture and the layers separated. The aqueous layer was back- 

45 extracted with methylene chloride (2.4 L). The organic fractions were combined and washed with deionized water (3 
x 1 .2 L), a saturated sodium bicarbonate solution (1 .1 L) and a saturated sodium chloride solution (1.1 L). The organic 
fraction was then dried over anhydrous magnesium sulfate and concentrated to an oil on a rotary evaporator to yield 
1 .61 3 kg (93.5%) of methyl 2-(4-(piperidin-1 -yl)piperidin-1-yl)acetate. 

A solution of methyl 2-{4-(piperidin-1 -yl)piperidin-1 -yljacetate (2.395 kg, 9.96 mol) in methanol (2.4 L) was added 

so to a solution of potassium hydroxide {0.662 kg, 10.0 mol © 85% purity) in methanol (10.5 L) under a nitrogen atmos- 
phere. The reaction mixture was heated to 45-50°C lor a minimum of 16 hours. 

A solvent exchange from methanol to acetone (15.0 L) was performed on the solution on a rotary evaporator. This 
solution was slowly cooled to room temperature over 16 hours. The resulting solids were filtered, rinsed with acetone 
(5.0 L) and then dried to yield 2.471 kg (93.8%) o1 2-(4-(piperidin-l-yl)piperidin-1-yl)acetic acid, potassium sal MS 

6$ 265 (NM) 
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Preparation o,(R)-3-(1H-^^ 
ace tyl)amlno]propane dihydrochloride trihydrate 



OCH) 



10 



1S 




N-CH:*C0:" K* 




2 HC1 

3 H : 0 



20 



30 



35 



40 



The reaction^ 

aminolPropane d.hydrochlonde (0.60 kg 1.14 r^)^s aw ^ ^ , rature 

tained at less than -20-C. Alter the ^•^S^TSX the addition cf deionized water (7.5 V, 
being maintained betweer , -37'C a d -20 a Th e reacUon wj q ^ ^ aqueous fraction was 

The reaction mixture was basrfied to pH «.B-ia2«^ ™ *»' d ^ or ^, ic lractton a8 was sufficient 5 N 

removed and retained. Additional deionized water (3.75 L) was aoaeo ro 

r=ssE^»«^^~^ L — — — — 

with a saiurated sodium chloride solution (3.7 L). ^ d exchanged from methylene 

The organic** was dried overanhyd 6 N 

chloride to acetone (3.75 L) on \^SX£S^SS^Si minutes. Acetone (13.2 L) was then 
2.86 mo.) and seed crystals (2 g) were added "JfJJJ^JJ^ filtered, washed with acetone (2 x 1 .4 L). and 

rdCrsS~ 

eridin-1-yl)acetyl)am.nolpropane dihydrochloride trihydrate. 

Preparation of(R^^ 
acetyl)amino]propane dioxalate 



so 




2 oxalate 
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roformate (12.9 g, 94.5 mmol) was added over five minutes. The resulting mixture was stirred for twenty minutes and 
then (R)*2-amino-3-(lH-indo!-3-yl)-1-[N-(2-methoxybenzyl)acetylamino]propane dihydrochloride (25.0 g, 58.1 mmol), 
dissolved in 75 ml of anhydrous N.N-dimethyfformamide, was added over ten minutes. 

The resulting mixture is then cooled to 0°C, stirred lor about ten minutes, and then permitted to warm to room 
5 temperature. The progress of the reaction was monitored by chromatography. High performance liquid chromatography 
showed 99% conversion of the reactants after ninety minutes. 

The reaction mixture was partitioned between ethyl acetate (375 ml) and a saturated sodium bicarbonate solution 
(375 ml). The aqueous layer was back extracted with 375 ml of ethyl acetate. The organic fractions were combined, 
washed with water (3 x 375 ml), and then dried over magnesium sulfate. Potassium hydroxide is then added to the 
io aqueous fraction from above and this resulting basified solution is extracted with ethyl acetate. This organic fraction 
is then dried over magnesium sulfate. 

The combined dried organic fractions are then treated with a concentrated oxalic acid solution. The resulting solids 
are filtered and dried at 50°C in a vacuum oven to yield 23.5 grams of the desired intermediate. 

As would be appreciated by a skilled practitioner the mixed anhydride process will work in a number of organic 
is solvents, in addition to the anhydrous N.N-dimethyrformamide depicted above. Representative examples of solvents 
which may be employed include acetonitrile, tetrahydrofuran, dichloromethane. The mixed anhydride process can be 
performed at temperatures below 0°C. 

The oxalate can be isolated from ethyl acetate as well as from other solvents, probably Including acetone, ace- 
tonitrile, and f-butyl methyl ether. The use of oxalic acid is, however, very important for the precipitation as a targe 
20 number of acids do not give a precipitate. Among those acids attempted, bui found not satisfactory for the processes 
of the present invention, are citric, anhydrous hydrochloric, tartaric, mandelic, trifluoroacetic, p-nitrobenzoic, phencocy- 
acetic, maleic, fumaric. glutaric, adipic, methanesulfonic, p-toluenesutlonic, pamoic, trans-1,2-cydohexane dicarbox- 
ylic, succinic, phthalic, trans-1 ^-diaminocyclohexane-N.N.N'.N-naphthalenedisulfonic, and 5-su If osalicy lie acids. Only 
oxalic acid and 1 ,5-naphthalene disulfonic acid reproducibly produced a solid. 

2S 

Preparation of (R)-3-(1 H-indol-3-yl)-HN-(2^ethoxyben2yl)acetylam^ 
acetyl)amino]propane dihydrochloride trihydrate 
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Into a flask were added (R)-3-(1H-inctol-3-yO-HN-(2-methoxybenzyl^^ 
ridin-1-yl)acetyl)amino]propane oxalate (3.31 g, 4.22 mmol), methylene chloride (30 ml, 39.75 g), and water (30 ml). 
<s The resulting mixture was stirred and the pH of the reaction mixture was adjusted to 10-12 using 50% caustic. 

The phases were separated and the aqueous phase was extracted with methylene chloride (20 ml) and separated. 
The combined organic fractions were back extracted with water (30 ml) and dried over magnesium sulfate. The meth- 
ylene was removed on an evaporator, leaving a residue. This residue was transferred to a jacketed flask and dissolved 
into acetone (24 g, 1 0.25 volumes), 
so Enough water was added to bring the water concentration to eleven percent (by weight) and the resulting mixture 

was heated to 55°C. Enough concentrated hydrochloric acid was added to lower the pH to 2.0 and the reaction mixture 
was then permitted to cool to 37°C over 45 minutes. 

The product solution was seeded and permitted to stir for 10-30 minutes. The product solution was cooled to 19>C 
over two hours and acetone (11.8 equivalent volumes) was added over three hours, after which time the reaction 
55 mixture was stirred for one to three hours, maintaining the temperature at 1 9°C. The product solution was filtered and 
the residue was washed with 10.2 equivalents (by volume) of acetone. The residue was then dried in a vacuum oven 
at 42°C to give the desired title product. Yield 2.407 grams (80.7%). 

The following table illustrates many of the compounds produced using essentially the steps described m Schemes 
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I through IV A person of ordinary skill in the art would readily understand that a certain order of steps musl I be employed 
in many instances to avoid reactions other than the one sought. For example, as in the above methods, it is frequently 
necessary to employ a protecting group in order to block a reaction at a partrcular moiety. 

4e abbrevTations used in the following table are commonly used in the field and would be readily under* ood by 
a practitioner in the field. For exmple. the abbreviation -Ph" refers to a phenyl group. 'i-Pr' refers to an isopropyl group. 
•Me' describes a methyl group, "Ef refers to an ethyl group. t-Bu' describes a fert-butyl group, and the hke 

in the following table, the first column gives the example number of the compound. The next columns (may be 
one two or three columns) describe the substitution patterns of the particular example. The column entitled Mp C 
Gives the melting point of the compound If it is a solid or notes the form of the substance at ambient tempera ure. The 
next column, entitled *MS", defines the mass of the compound as determined by mass spectroscopy. The following 
column gives the nuclear magnetic resonance profile of the example compound as synthesized. The final columns 
give the molecular loimula of the example compound as well as its elemental analysis. 
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The biological activity ol the compounds employed the present invention may be measured by a number of methods 
known to those skilled in the art, including those described in the patents and scientific literature described eupra . 
The growth hormone secretagogues of Formula I are useful in vitro as unique tools for understanding how growth 
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hormone secretion is regulated at the pituitary level. This includes use in the evaluation of many lactors thought or 
known to influence growth hormone secretion, such as age, sex, nutritional factors, glucose, amino acids, tatty acids, 
as well as tasting and non-fasting states. In addition, the compounds employed in this invention can be used in the 
evaluation of how other hormones modify growth hormone releasing activity. For example, it has already been estab- 
5 lished that somatostatin inhibits growth hormone release. 

Other hormones that are important and in need of study as to their eftecl on growth hormone release include the 
gonadal hormones, e.g., testosterone, estradiol, and progesterone; the adrenal hormones, e.g., Cortisol and other 
corticoids, epinephrine and norepinephrine; the pancreatic and gastrointestinal hormones, e.g., insulin, glucagon, gas- 
trin, secretin; the vasoactive peptides, e.g., bombesin, the neurokinins; and the thyroid hormones, e.g., thyroxine and 
io triiodothyronine. The compounds of Formula I can also be employed to investigate the possible negative or positive 
feedback effects of the pituitary hormones, e.g., growth hormone and endorphin peptides, on the pituitary to modify 
growth hormone release. Of particular scientific importance is the use of these compounds to elucidate the subcellular 
mechanisms mediating the release of growth hormone. 

The compounds of Formula I can be administered to animals, including man, to release growth hormone jnvlyo. 
is For example, the compounds can be administered to commercially important animals such as swine, cattle, sheep, 
and the like to accelerate and increase their rate and extent of growth, to improve feed efficiency, and to increase milk 
production in such animals. In addition, these compounds can be administered to humans in vivo as a diagnostic tool 
to directly determine whether the pituitary is capable of releasing growth hormone. For example, the compounds of 
Formula I can be administered in vivo to children. Serum samples taken before and after such administration can be 
20 assayed for growth hormone. Comparison of the amounts of growth hormone in each of these samples would be a 
means for directly determining the ability of the patient's pituitary to release growth hormone. 

The present invention generally employs at least one of the compounds of Formula I in association with a phar- 
maceutical carrier or diluent. Optionally, the active ingredient of the pharmaceutical compositions can comprise an 
anabolic agent in addition to at least one of the compounds of Formula I or another composition which exhibits a 
2S different activity, e.g.. an antibiotic growth permittant or an agent to treat osteoporosis or in combination with a corti- 
costeroid to minimize the catabolic side effects or with other pharmaceutically active materials whe rein the combination 
enhances efficacy and minimizes side effects. 

Growth promoting and anabolic agents include, but are not limited to, TRH, diethylstilbesterol, estrogens, p-ago- 
nists, theophylline, anabolic steroids, enkephalins, E series prostaglandins, compounds disclosed in United States 
30 Patent 3,239,345, e.g.. zeranol, and compounds disclosed in United States Patent 4,036,979, e.g., sulbenox, or pep- 
tides disclosed in United States Patent 4.411 ,890. 

A stfll further use of the growth hormone secretagogues of this invention is in combination with other growth hor- 
mone secretagogues such as the growth hormone releasing peptides GHRP-6, GHRP-1 as described in United States 
Patent 4.411,890 and Patent Cooperation Treaty Publications WO 89/07110 and WO 89/07111, as well as hexareltn 
3S and the newly discovered GHRP-2 as described in Patent Cooperation Treaty Publication WO 93/04081; or growth 
hormone releasing hormone and its analogs; or growth hormone and its analogs; or somatomedins including IGF-1 
and IGF-2: or a-adrenergc agonists, such as clonidine; or serotonin 5-HT 1D agonists, such as sumatriptan; or agents 
which inhtoii somatostatin or its release, such as physostigmine and pyridostigmine. 

As is well known to those skilled in the art. the known and potential uses of growth hormone are varied and mul- 
40 titudinous. The administration of the compounds employed in the present invention for the purpose of stimulating the 
release of endogenous growth hormone can have the same effects or uses as growth hormone Itself. These varied 
uses of growth hormone may be summarized as follows: stimulating growth hormone release in elderly humans; treating 
growth hormone deficient adults; prevention of catabolic side effects of glucocorticoids; treatment of osteoporosis; 
stimulation of the immune system; acceleration of wound healing; accelerating bone fracture repair, treatment of growth 
*s retardation; treating acute or chronic renal failure or insufficiency; treatment of physiological short stature, including 
growth hormone deficient children; treating short stature associated with chronic illness; treatment of obesity and 
growth, retardation associated with obesity; treating growth retardation associated with Prader-Willi syndrome and 
Turner's syndrome; accelerating the recovery and reducing hospitalization of bum patients or following major surgery 
such as gastrointestinal surgery; treatment of intrauterine growth retardation, skeletal dysplasia, hypercortisonism, and 
so Cushings syndrome; replacement of growth hormone in stressed patients; treatment of osteochondrodysplasias, Noo- 
nans syndrome, sleep disorders, Alzheimer's disease, delayed wound healing, and psychosocial deprivation; treatment 
of pulmonary dysfunction and ventilator dependency; attenuation of protein catabolic response after a major operation; 
treating malabsorption syndromes; reducing cachexia and protein loss due to chronic illness such as cancer or AIDS; 
accelerating weight gain and portion accretion in patients on total parenteral nutrition; treatment of hyperinsuiinemia 
ss including nesidioblastosis; adjuvant treatment tor ovulation induction and to prevent and treat gastric and duodenal 
ulcers; to stimulate thymic development and prevent the age-related decline of thymic function; adjunctive therapy for 
patients on chronic hemodialysis; treatment of immunosuppressed patients and to enhance antibody response follow- 
ing vaccination; improvement in muscle strength, mobility, maintenance of skin thickness, metabolic homeostasis, renal 
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homeostasis in the frail elderly; stimulation ol osteoblasts, bone remodeling, and cartilage growth; treatment of neu- 
rological diseases such as peripheral and drug-induced neuropathy, Guillan-Barre syndrome, amyotrophic lateral scle- 
rosis, multiple sclerosis, cerebrovascular accidents, and demyelinating diseases; stimulation ol the immune system in 
companion animals and treatment ol disorders of aging in companion animals; growth promotion in livestock; and 

5 stimulation ot wool growth in sheep. 

It will be understood by those skilled in the art that there are numerous compounds now being used in an effort to 
treat the diseases or therapeutic indications enumerated above. Combinations of these therapeutic agents, some of 
which have also been mentioned above, with the growth hormone sec re tagogues employed in this invention will bring 
additional, complementary; and often synergistic properties to enhance the growth promotant, anabolic, and desirable 

10 properties ol these various therapeutic agents. In these combinations, the therapeutic agents and the growth hormone 
secretagogues of this invention may be independently present in dose ranges from one one-hundredth to one times 
the dose levels which are effective when these compounds and secretagogues are used singly. 

The compounds ot Formula I are usually administered in the form of pharmaceutical compositions. These com- 
pounds can be administered by a variety of routes including oral, rectal, transdermal, subcutaneous, intravenous, 

IB intramuscular, and intranasal. These compounds are effective as both injectable and oral compositions. Such compo- 
sitions are prepared in a manner well known in the pharmaceutical art and comprise at least one active compound. 

The present invention also includes methods employing pharmaceutical compositions which contain, as the active 
ingredient, the compounds of Formula I associated with pharmaceutical^ acceptable carriers. In making the compo- 
sitions of the present invention the active ingredient is usually mixed with an excipient, diluted by an excipient or 

20 enclosed within such a carrier which can be in the form of a capsule, sachet, paper or other container When the 
excipient serves as a diluent, it can be a solid, semi-solid, or liquid material, which acts as a vehicle, carrier or medium 
tor the active ingredient Thus, the compositions can be in the form of tablets, pills, powders, lozenges, sachets, cachets, 
elixirs, suspensions, emulsions, solutions, syrups, aerosols (as a solid or in a liquid medium), ointments containing for 
example up to 10% by weight of the active compound, soft and hard gelatin capsules, suppositories, sterile injectable 

2S solutions, and sterile packaged powders. 

In preparing a formulation, it may be necessary to mill the active compound to provide the appropriate particle size 
prior to combining with the other ingredients. If the active compound is substantially insoluble, It ordinarily is milled to 
a particle size of less than 200 mesh. If the active compound is substantially water soluble, the particle size Is normally 
adjusted by milling to provide a substantially uniform distribution in the formulation, e.g. about 40 mesh. 

30 Some examples of suitable exciprents include lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, 

calcium phosphate, alginates, tragacanth, gelatin, calcium silicate, microcrystalline cellulose, polyvinylpyrrolidone, cel- 
lulose, water, syrup, and methyl cellulose. The formulations can additionally include: lubricating agents such as talc, 
magnesium stearate, and mineral oil; wetting agents; emulsifying and suspending agents; preserving agents such as 
methyl- and propylhydroxybenzoates; sweetening agents; and flavoring agents. The compositions of the invention can 

35 be formulated so as to provide quick, sustained or delayed release ot the active ingredient after administration to the 
patient by employing procedures known in the art 

The compositions are preferably formulated in a unit dosage form, each dosage containing from about 5 to about 
100 mg, more usually about 10 to about 30 mg, ot the active ingredient The term "unit dosage form" refers to physically 
discrete units suitable as unitary dosages dosages tor human subjects and other mammals, each unit containing a 

*o predetermined quantity of active material calculated to produce the desired therapeutic eflect, in association with a 
suitable pharmaceutical excipient. 

The active compound is effective over a wide dosage range. For examples, dosages per day normally fall within 
the range of about 0.5 to about 30 mg/kg of body weight In the treatment of adult humans, the range of about 1 to 
about 15 mg/kg/day. in single or divided dose, is especially preferred. However, it will be understood that the amount 

45 of the compound actually administered will be determined by a physician, in the light of the relevant circumstances, 
including the condition to be treated, the chosen route of administration, the actual compound administered, the age, 
weight, and response ot the individual patient, and the severity of the patient's symptoms, and therefore the above 
dosage ranges are not intended to limit the scope of the invention in any way. In some instances dosage levels below 
the lower limit of the aforesaid range may be more than adequate, while in other cases still larger doses may be 

so employed without causing any harmful side efiect, provided that such larger doses are first divided into several smaller 
doses for.administration throughout the day. 

For preparing solid cmoposiions such as tablets the principal active ingredient is mixed with a pharmaceutical 
excipient to form a solid p reformulation composition containing a homogeneous mixture of a compound of the present 
invention. When referring to these p reformulation compositions as homogeneous, it is meant that the active ingredient 

SS is dipsersed evenly throughout the composition so that the composition may be readily subdivided into equally effective 
unit dosage forms such as tablets, pills and capsules. This solid preformulation is then subdivided into unit dosage 
forms of the type described above containing from 0. 1 to about 500 mg of the active ingredient of the present invention. 
The tablets or pills of the present invention may be coated or otherwise compounded to provide a dosage form 
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affording the advantage ot prolonged action. For example, the tablet or pill can comprise an inner dosage and an outer 
dosage component, the latter being in the form of an envelope over the former. The two components can be separated 
by enteric layer which serves to resist disintegration in the stomach and permit the inner component to pass intact into 
the duodenum or to be delayed in release. A variety ot materials ban be used lor such enteric layers or coatings, such 
materials including a number ot polymeric acids and mixtures ot polymeric acids with such materials as shellac, cetyt 
alcohol, and cellulose acetate. 

The liquid forms in which the novel compositions ol the present invention may be incorporated tor administration 
orally or by injection include aqueous solutions, suitably flavored syrups, aqueous or oil suspensions, and flavored 
emulsions with edible oils such as cottonseed oil. sesame oil, coconut oil, or peanut oil. as well as elixirs and similar 
pharmaceutical vehicles. 

Compositions for inhalation or insufflation include solutions and suspensions in pharmaceut ically acceptable, aque- 
ous or organic solvents, or mixtures thereof, and powders. The liquid or solid compositions may contain suitable phar- 
maceutically acceptable excipients as described supra . Preferably the compositions are administered by the oral or 
nasal respiratory route for local or systemic effect. Compositions in preferably pharmaceutics lly acceptable solvents 
may be nebulized by use of inert gases. Nebulized solutions may be breathed directly from the nebulizing device or 
the nebulizing device may be attached to a face mask, tent, or intermittent positive pressure breathing machine. So- 
lution, suspension, or powder compsoitions may be administered, preferably orally or nasally, from devices which 
deliver the formulation in an appropriate manner. 

The following examples illustrate the pharmaceutical compositions of the present invention. 

Formulation Example 1 

Hard gelatin capsules containing the following Ingredients are prepared: 



Ingredient 


Quantity (mg/capsule) 


Compound of Example 51 
Starch 

Magnesium stearate 


30.0 
305.0 
5.0 



The above ingredients are mixed and filled into hard gelatin capsules in 340 mg quantities. 
Formulation Example 2 

A tablet formula is prepared usrng the ingredients below: 



Ingredient 


Quantity (mg/tablet) 


Compound of Example 66 
Cellulose, macrocrystalline 
Colloidal silicon dioxide 
Stearic acid 5.0 


25.0 
200.0 
10.0 



The components are blended and compressed to form tablets, each weighing 240 mg. 
Formulation Example 3 

A dry powder inhaler formulation is prepared containing the following components: 



Ingredient 


Weight % 


Compound of Example 17 
Lactose 


5 
95 



The active mixture is mixed with the lactose and the mixture is added to a dry powder inhaling appliance. 
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Formulation Example 4 

Tablets, each containing 30 mg of active ingredient, are prepared as follows: 



Ingredient 


Quantity (mo/tab let) 


Compound of Example 14 


30.0 mg 


Starch 


45.0 mg 


Microcryslalline cellulose 


35.0 mg 


Polyvinylpyrrolidone (as 10% solution in water) 


4.0 mg 


Sodium carboxymethyl starch 


4.5 mg 


Magnesium stearate 


0.5 mg 


Talc 


1.0 mg 


Total 


120 mg 



The active ingredient, starch and cellulose are passed through a No. 20 mesh U.S. sieve and mixed thoroughly. 
The solution of polyvinylpyrrolidone is mixed with the resultant powders, which are then passed through a 16 mesh U. 
S. 6ieve. The granules so produced are dried at 50-60°C and passed through a 16 mesh U.S. sieve. The sodium 
carboxymethyl starch, magnesium stearate, and talc, previously passed through a No. 30 mesh U.S. sieve, are then 
added to the granules which, after mixing, are compressed on a tablet machine to yield tablets each weighing 1 50 mg. 



30 



35 



40 



so 



Formulation Example S 

Capsules, each containing 40 mg of medicament are made as follows: 



Ingredient 


Quantity (mo/capsule) 


Compound of Example 13 
Starch 

Magnesium 6tearate 
Total 


40.0 mg 
109.0 mg 
1.0 mg 
150.0 mg 



The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 20 mesh U. 
S. sieve, and filled into hard gelatin capsules In 150 mg quantities. 

Formulation Example 6 

Suppositories, each containing 25 mg ol active Ingredient are made as follows: 



Ingredient 


Amount 


Compound of Example 18 
Saturated fatty acid gtyce rides to 


25 mg 
2,000 mg 



The active ingredient is passed through a-No. 60 mesh U.S. sieve and suspended in the saturated fatty acid 
glycerides previously melted using the minimum heat necessary. The mixture is then poured into a suppository mold 
of nominal 2.0 g capacity and allowed to cool. 

Formulation Example 7 

Suspensions, each containing 50 mg of medicament per 5.0 ml dose are made as follows: 



Ingredient 



Compound of Example 43 
Xanthan gum 

Sodium carboxymethyl cellulose (11%) Microcrystalline cellulose (89%) 



Amount 



50.0 mg 
4.0 mg 
50.0 mg 
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(continued) 



Ingredient 


Amount 


Sucrose 

Sodium benzoate 
Flavor and Color 
Purified water to 


1.75 g 
10.0 mg 
q.v. 
5.0 ml 



The medicament, sucrose and xanthan gum are blended, passed through a No. 10 mesh U.S. sieve, and then 
mixed with a previously made solution of the microcrystalline cellulose and sodium carboxymethyl cellulose in watet 
The sodium benzoate. flavor, and color are diluted with some of the water and added with stirring. Sufficient water Is 
then added to produce the required volume. 

Formulation Example 8 

Capsules, each containing 15 mg of medicament, are made as follows: 



Ingredient 


Quantity (mg/capsule) 


Compound of Example 58 


15.0 mg 


Starch 


407.0 mg 


Magnesium stearate 


3.0 mg 


Total 


425.0 mg 



The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 20 mesh U 
S. sieve, and filled into hard gelatin capsules in 560 mg quantities. 

Formulation Example 9 

An intravenous formulation may be prepared as follows: 



ingredient 


Quantity 


Compound of Example 91 
Isotonic saline 


250.0 mg 
1000 ml 



Formulation Example 10 

A topical formulation may be prepared as follows: 



Ingredient 


Quantity 


Compound of Example 67 
Emulsifying Wax 
Liquid Paraffin 
White Soft Paraffin 


MOg 
30g 
■ 20 g 
to 100 g 



The while soft paraffin is healed until molten. The liquid praffin and emulsifying wax are incorporated and stirred until 
dissotved. The compound of Example 67 is added and stirring is continued until dispersed. The mixture is then cooled 
until solid 

Formulation Example 11 

Sublingual or buccal tablets, each containing 10 mg of active ingredient, may be prepared as follows: 
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Ingredient 


uuanuiy rer laoiei 


Active Ingredient 


iu.u mg 


Glycerol 


210.5 mg 


Water 


143.0 mg 


Sodium Citrate 


4.5-mg 


Polyvinyl Alcohol 


26.5 mg 


Polyvinylpyrrolidone 


15.5 mg 


Total 


410.0 mg 



75 
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The glycerol, water, sodium citrate, polyvinyl alcohol, and polyvinylpyrrolidone are admixed together by continuous 
stirring and maintaining the temperature at about 90°C. When the polymers have gone into solution, the solution is 
cooled to about 50-55°C and the medicament is slowly admixed. The homogenous mixture Is poured into forms made 
ot an inert material to produce a drug-containing diffusion matrix having a thickness of about 2-4 mm. This diffusion 
matrix is then cut to form individual tablets having the appropriate size. 

Another preferred formulation employed in the methods of the present invention employs transdermal delivery 
devices ('patches'). Such transdermal patches may be used to provide continuous or discontinuous infusion of the 
compounds of the present invention in controlled amounts. The construction and use of transdermal patches for the 
delivery of pharmaceutical agents is well known in the art. See, e.g. , U.S. Patent 5.023,252, issued June 11, 1991, 
herein incorporated by reference. Such patches may be constructed for continuous, pulsatile, or on demand delivery 
of pharmaceutical agents. 

Frequently, it will be desirable or necessary to introduce the pharmaceutical composition to the brain, either directly 
or indirectly. Direct techniques" usually involve placement of a drug delivery catheter into the host's ventricular system 
to bypass the blood-brain barrier. One such implantable delivery system, used tor the transport ot biological factors to 
specific anatomical regions of the body, is described in U.S. Patent 5,011,472, issued April 30, 1991, which is herein 
incorporated by retemce. 

Indirect techniques, which are generaihy preferred, usually involve formulating the compositions to provide for drug 
latentiation by the conversion of hydrophilic drugs Into lipid-soluble drugs or prodrugs. Latentiation is generally achieved 
through blocking of the hydroxy, carbonyl, sulfate, and primary amine groups present on the drug to render the drug 
more lipid soluble and amenable to transportation across the blood-brain barrier. Alternatively, the delivery of hydrophilic 
drugs may be enhanced by intraarterial infusion of hypertonic solutions which can transiently open the blood-brain 
barrier. 



Claims 



1. A compound of the formula 



40 



4S 



50 



R* f« 

I I - 

R-<CH 2 >„— C-CH 2 -N— (CH) 0 -R J 

NH R 
I 

(C0) p 
I 

(CH 2 ) B 



wherein 

misOor 1; 
n isOorl; 
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o is 0,1. or 2; 
pisOoM; 

i 

R is phenyl, 2- or 3-indo!yl, 2- or 3-indolinyl, benzothienyl, benzof uranyl, or naphthyl; 

any one of which groups may be substituted with one or two halo, C r C 3 alkoxy, trifluoromethyl, C r C 4 
alkyl, phenyl-C^s alkoxy, or C r C 4 alkanoyl groups; 

R 1 is trityl, phenyl, diphenylmethyl, phenoxy, phenylthio, hexamethyleneiminyl, piperazinyl. piperidinyl. pyrro- 
lidinyl, morpholinyl, indolinyl, indoryl, benzothienyl, benzofuranyl, quinolinyl. tetrahydropyridinyl, isoquinolinyl, 
reduced quinolinyl, reduced isoquinolinyl, phenyHC^ alkyl)-. phenyl-(C r C 4 alkoxy)-, quinolinyl-(C r C 4 
alkyl}-, isoquinolinyKC 1 -C 4 alkyl)- 1 reduced quinolinyl-(C r C 4 alkyl)- t reduced isoquinolinyKC,^ alky I)-, ben- 

. zoyHCTC'salkyls.CT^alkyl. or-NH-CH r R 5 ; 

any one of which R 1 groups may be substituted with halo, C r C 4 alkyl, Cj-C 4 alkoxy, trifluoromethyl, 
amino, C r C 4 alkylamino, or di(C,-C 4 alkyl)amino; or any one of which R 1 groups may be substituted with 
phenyl, piperazinyl. C 3 -C B cycloalkyl, benzyl, C r C 4 alkyl, piperidinyl, pyridinyl, pyrimidinyl, Cg-Ce alkanoylami- 
no, pyrrolidinyl, C 2 -C 6 alkanoyl, or C r C 4 alkoxycarbonyl; 

any one of which groups may be substituted with halo, C t -C 4 alkyl, C r C 4 alkoxy. trifluoromethyl, 
amino, C r C 4 alkylamino, di(C r C 4 alkyl)amino, or C 2 -C 4 alkanoylamino; 

or R 1 is amino, a leaving group, hydrogen, C r C 4 alkylamino, or di(C.,-C 4 alkyl)amino; 

R5 is pyridyl, anilho-(C r C 3 alkyl)-, or anflinocarbonyl; 

R* Is hydrogen, 0^ A alkyl, aryteulfonyl, C,-C 4 alkylsuHonyl, carboxy-^-Ca alkyl)-, C t -C 3 alkoxycarbonyl- 
'(C^-Ca alkyl)-. or -CO-R B ; 

R6 is hydrogen. C r C 4 alkyl, C^haloalkyl, phenyl, C r C 3 alkoxy, C 1 -C 3 hydroxyalkyl, amino. alkylami- 
no, ditC, -C 4 alkyl)amino, or -(CHg) q -R 7 ; 

q is 0 to 3; 

R 7 is phenoxy, phenylthio. piperazinyl, piperidinyl, pyrrolidinyl, morpholinyl, indolinyl. indoryl. benzothienyl, 
benzofuranyl. quinolinyl, isoquinolinyl, reduced quinolinyl, reduced isoquinolinyl. phenyKC r C 4 alkyl)-, quin- 
olinyK(VC 4 alkyl)-, isoquinolinyHC,-^ alkyl)-. reduced qumolinyHC^ alkyl)-, reduced isoquinolinyKC!- 
C 4 alkyl)-, benzoyl-C, -C 3 alkyl; 

any one of.which R 7 groups may be substituted with halo, trifluoromethyl, Ct-C 4 alkoxy, amino, G\-C 4 
alkylamino. di(C r C 4 aikyl)amino, or C 2 -C 4 alkanoylamino: 

• or any one of which R 7 groups may be substituted with phenyl, piperazinyl, Cg-C e cycloalkyl, benzyl, 
piperidinyl, pyridinyl. pyrimidinyl. pyrrolidinyl, C 2 -C 6 alkanoyl, C r C 4 alkyl, or C^-C 4 alkoxycarbonyl; 

any of which groups may be substituted with halo, trifluoromethyl, amino, C,-C 4 alkoxy, C,-C 4 alkyl, 
CtC 4 alkylamino. 6\{C^C 4 alkyl)amino, or C?C A alkanoylamino; 

or R 7 is carboxy, C t -C 4 alkoxycarbonyl, C,-C 4 alkylcarbonyloxy, amino, C^ alkylamino. difC,-^ alkylami- 
no, C-,-C 6 alkoxycarbonylamino; 
RB is hydrogen or C t -C 6 alkyl; 

R3 is phenyl, phenyl-(C r C 6 alkyl)-, C 3 -C 8 cycloalkyl, C 5 -C 8 cyctoalkenyl, C,-C e alkyl, naphthyl, Cg-Ce alkenyl, 
or hydrogen; 

any one of which groups except hydrogen may be substituted with one or two halo, C,-C 3 alkoxy, C t - 
C 3 alkytthio, nitro, trifluoromethyl, or C,-C 3 alkyl groups; 

and 

R 4 is hydrogen or C,-C 3 alkyl; 
with the proviso that if R 1 is hydrogen or halo. R 3 is phenyl, phenyl-(C r C 6 alkyls, Cg-Ce cycloalkyl, C 5 -C e cy- 
cloalkenyl. or naphthyl; 

or a pharmaceutical^ acceptable salt or solvate thereof, for use in treating or preventing a physiological condition 
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which may be modulated by an increase in growth hormone. 

2. A use as claimed in Claim 1 employing a compound wherein R is phenyl, naphthyl, or 2- or 3r'mdolyl which group 
may be optionally substituted 

5 

3. A use as claimed in Claim 2 employing a compound ot the formula 



10 



75 




wherein R a is one. two or three substituents selected from the group consisting ol halo, C, -C 3 alkoxy. C r C 3 alkylth- 
20 io, nitro. trifluoromethyl, and C^*C 2 alkyL 

4. A use as claimed in Claim 3 employing a compound wherein R 1 is piperazinyl, piperidinyl, substituted piperazinyl, 
or substituted piperidinyl. 

2S 5. A use as claimed in Claim 4 employing a compound wherein R 1 is 1-(4-phenyl)piperazinyl. 

6. A use as claimed in C telm 5 employing (R) 1 -{N-(2^methoxybenzyl)acetylamino)-3-(1 H-indol-3-yr)-21N-(2-((4-phe- 
nyl)piperazin-1 -yl)acetyl)amino]propane or (R) 1 -{N-(2-chlorobenzyl)acetylamino]-3-(1 H-indo»-3-yl)-2HN-(2-( 
(4-pheny0pipera2in-1-yl)acetyl)amino]propane, or a pharmaceuticaHy acceptable salt or solvate thereof . 

30 

7. A use as claimed in Claim 4 employing a compound wherein R 1 is l-(4-cyclohexyl)pipera2inyl. 

8. A use as claimed in Claim 7 employing (R) l-IN-(2-methoxybenzyl)acetylam^ 
clohexyl)pipera2in-1-yl)acetyl)amino]propane or (R) 1 -[N-(2-chloroben2yl)acetylamino^3-(1 H-mdol-3-yl)-2-(N-(2- 

35 ((4-cyclohexyl)piperazh-1 -yl)acetyl)amino]prcpane, or a pharmaceuticatly acceptable salt or solvate thereof. 

9. A use as claimed in Claim 4 employing a compound wherein R 1 is l-{4-phenyl)piperidinyl. 

10. A use as claimed in Claim 9 employing (R) l-[N-(2-methoxybenzyl)acety!amino]-3-(1H-indol-3-yl)-2-[N-(2-<{4-phe- 
40 nyl)pipendin-t -yl)acetyl)amino)propane or (R) 1 -[N-{2<hlorobenzyl)acetylamino]-3-<1 H-indc4-3-yl)-2-lN«(2-< 

(4-phenyl)piperidin-Vyl)acetyl)amino]propane, or a pharmaceutical^ acceptable salt or solvate thereof. 

11. A use as claimed in Claim 4 employing a compound wherein R 1 is 1 -(4-cycJohexy1)piperidinyl. 

4$ 12. A use as claimed in Claim 1 1 emp toying (R) 1 4N-(2-methoxybenzyl)acetylamino]-3-( 1 H-indol-3-y1)-2-{N-<2-((4-cy- 
clohexyl)piperidin-1-yl)acetyl)amino)propane or (R) 1-[N-(2<hloroben2yl)ac«tylamino)-3^lH-indol-3-yl)-2-[N-(2-( 
(4-cyclohexyl)piF*ridinO ^l)acety 

3-ytmethyl)ethyl)]-4-cyc!ohexyl-1-piperid"meacetamide, or a pharmaceutical^ acceptable salt or solvate thereof. 
so 13. A use as claimed in Claim 4 employing a compound wherein R 1 is 1-[4-(1-piperidinyl)]piperidinyl. 

14. A use as claimed in Claim 1 3 employing (R) 1 -IN-(2-methoxybenzyl)acetylamino]-3-(1 H-indol-3-yl)-24N-(2-(4-(plp- 
eridinO-yl)piperidin-1-yl)acetyl)amrnolpropane or (R) HN-(2-chlorobenzyl)acetylanino]'3-(1H-indol-3-yl)-2-{N-(2- 
(4-(piperidin-1-yI)piperidin-1-yI)acetyl)amino]propane, or a pharmaceutical^ acceptable salt or solvate thereof. 

55 

15. A use as claimed in Claim 14 employing the compound (R)-3-<1 H-indol-3-yi)-1 -fN-(2-methoxybenzyl)acetylamino]- 
2-[N-{2-(4-(piperidin-1 -yf)piperidin-1 -yl)acetyl)amino]propane dihydrochloride trihydrate. 
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It. A pharmaceutical formulation for use in treating or preventing a physiological •^^^J 

by an increase in growth hormone, comprising a compound as earned in any one ol Claims 1 to 15, assorted 
win one or more pharmaceutical^/ acceptable carriers, diluents, or excipients therefor. 
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